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ABSTRACT
There has been growing interest in the application of an effective remote
sensing strategy for conducting cultural site detection surveys. Light Detecting and
Ranging (LiDAR) imagery has demonstrated potential for identifying archaeological sites
in remote areas with dense vegetation and surface disturbances. Research was conducted
to determine the viability of using LiDAR to detect the presence or absence of pre- and
post-European contact archaeological sites in forested environments on Isle Royale,
Michigan. LiDAR bare-earth models were used to “see” past the vegetation in an effort
to: 1) identify cultural features before the implementation of a ground-truthing survey; 2)
develop a more informed survey strategy that will better define the spatial limits of a
ground survey, and 3) produce a safer, more efficient, and more cost-effective research
design. Bare-earth models from previously obtained LiDAR data for Isle Royale National
Park, Michigan, were used to identify various cultural manifestations such as copper
mining sites and associated historic settlements. Two types of sites were investigated
(pre- and post-European contact). National Park Service archaeological site reports were
used to compare, contrast, and confirm the locations and extent of known sites with the
findings from the LiDAR image survey. Potential sites, those displaying evidence of
human activity not previously recorded, were mapped and an artifact inventory recorded.
Those investigated areas that revealed no evidence of human occupation/impact were
identified and denoted as such. Field verification was performed in May 2007 to verify
xvi

LiDAR survey evaluations. Three study areas were selected on Isle Royale. Within the
study area, seven locales containing thirty-five cultural features were isolated. Of these,
twenty were pre-recorded features and fifteen were identified as be high probability
features; all of these features were investigated during field verification. All previously
recorded features were located on the ground. From the fifteen previously unrecorded
features; seven were identified during field verification to be cultural features, while the
remaining eight could not be located on the ground or were found to be non-cultural. The
result of this study effectively demonstrated that cultural sites in a forest environment
could be detected using new and innovative remote sensing devices such as LiDAR
imagery.

xvn

CHAPTER I

INTRODUCTION
1.1 Problem
The detection of archeological sites traditionally employs resources such as aerial
photographs, maps, and an understanding of how the land was used by previous cultures.
Ultimately, the identification of archaeological sites is accomplished by pedestrian survey
(field verification). Topography, dense vegetation, natural, and anthropogenic
disturbances can create significant difficulties in the performance of pedestrian surveys.
Forest canopies and ground vegetation can significantly obstruct the view of the
landscape surface. Although weather and terrain are unalterable factors, new techniques
of remote sensing may counteract the effects of dense vegetation in an effort to identify
cultural features before the implementation of a field verification survey and produce an
efficient, cost-effective research design, and increase field safety.
This research project uses an interdisciplinary approach for the detection of preand post-European contact cultural sites in forest environments using remote sensing, a
sub-discipline of geogranhy, as the primary investigative method. Image interpretation of
the remotely sensed study areas is supported by archaeological techniques and geologic
background information.
There is growing interest in the application of an effective remote sensing strategy
that can be used to surmount dense vegetation and environmental disturbances as limiting

physical factors in cultural site detection. The use of Light Detecting and Ranging
(LiDAR) imagery demonstrates great potential for identifying cultural sites in such harsh
and remote areas. LiDAR is a valuable remote sensing tool that permits an accurate
assessment of landscape surfaces and can subsequently allow a trained observer to
identify areas that are highly conducive to historic and prehistoric human occupation.
LiDAR models provide very fine spatial resolution, frequently at ±15 cm vertical
resolution. The use of LiDAR-derived images, especially bare-earth models, can be used
to ‘"see” past the vegetation in especially harsh and remote environments in an effort to
identify cultural features before the implementation of a pedestrian survey; develop a
more informed survey strategy that would better define the spatial limits of a ground
survey. Flood and Gutelius (1997, 327) recommended that “...LiDAR provides a
methodology that is accurate, timely, capable of operating in difficult terrain, and
increasingly affordable.”
Images created from LiDAR data can be displayed as digital elevation models
(DEMs) and bare earth models. DEMs represent the land surface as a three-dimensional
image. Bare earth models provide a view of the land surface as it would appear if the
vegetation were removed. Digital elevation models and bare earth models are created as a
function of software-based statistical analysis packages.
LiDAR, a remote sensing technology, introduced in the mid-1990s, is proving to
be especially effective for site detection (van Zijverden and Laan 2003; Bewley,
Crutchley, and Shell 2005; Devereux et al. 2005; Crutchley 2006; Harmon et al. 2006).
Archaeological projects using LiDAR as a method of site detection have demonstrated
that the images obtained can reveal remnant structural features such as berms, mounds,
2

depressions (e.g. mining or barrow pits), road and trail systems, and midden features
(Bewley et al. 2005; Devereux et al. 2005; Crutchley 2006; Harmon et al. 2006). Great
Britain and The Netherlands have been at the forefront of the application of remote
sensing technologies used for the detection of cultural sites. Investigations using LiDAR
data at Welshbury Hill by Devereux et al. (2005) detected a hillfort that had been
obscured by the forest canopy that covered the site. A study conducted by Bewley,
Crutchley and Shell (2005) at Stonehenge World Heritage Site (SHWHS) used LiDAR as
an investigative technique to further the understanding of this well-known heritage site by
revealing surface features that had been undetected using traditional survey methods.
Additional work by Crutchley (2006) in the Witham Valley, Lincolnshire, provides four
case studies that investigated archaeological features of an Iron Age Causeway using
LiDAR. These case studies offer insight into the variability of the effectiveness of
LiDAR interpretations for the detection of cultural features (Crutchley 2006). Recent
work in North America by Harmon et al. (2006) investigated two 18

Century

plantations in an effort to identify remnant archeological features of the formal gardens
that had been constructed at these locations. These studies exemplify how this innovative,
new remote sensor has been utilized successfully in several environments, including
forested lands, to detect the presence of cultural sites.
Currently, LiDAR has been employed exiguously in the United States in the
detection of cultural sites. LiDAR has been utilized as a tool to create maps and Digital
Terrain Models (DTMs), in urban environment to collect data for the creation 3-D
building reconstructions, and by such agencies as the U.S. Forest Service to characterize

3

forest lands (Haala and Brenner 1999; Petzold, Reiss and Stossel 1999; Pacific Northwest
Research Station 2005).
Additionally, agencies that conduct soil mapping have increasingly turning to
LiDAR as a sensor of choice for data collection as seen in the 2006 NRCS Soil Survey in
Keweenaw County, Ml (Larry Carey 2006). A review of the literature has no revealed
studies conducted in the United States using LiDAR to detect cultural resources in
forested environments, or by Cultural Resource Management (CRM) firms.
1,2 Objective
The main objective of this research was to determine the viability of using LiDAR
to detect the presence (positive, high probability) or absence (negative, low probability)
of pre- and post-European contact archaeological sites within forested environments
(sections) of Isle Royale National Park, Michigan.
Additionally, LiDAR-derived images were used to identify cultural features
before the implementation of the field verification in an effort to develop a more
informed survey strategy that better defined the spatial limits of a ground survey; thereby
producing an efficient, cost-effective, and safer research design.

4

CHAPTER II

STUDY AREA
2.1 Introduction
The study area is located within the boundaries of Isle Royale National Park,
Keweenaw County, Ml (Fig. 1). Isle Royale provided an ideal study area because LiDAR
data were available and had been pre-processed into DEMs. Isle Royale’s natural copper
deposits attracted humans who valued this mineral resource. Consequently, the island
evolved a pre- and post-European cultural history. Both of these mining eras left physical
evidence on the land surface that has proven ideal for this type of study. The depressions
and mounds inherent to prospecting operations provide the primary features used in this
remote sensing-based site detection study. Additionally, the cultural resources on Isle
Royale have been protected from human impact and disruption since the island had
become a national park more than 50 years ago.
Isle Royale is the largest island in Lake Superior and the largest in the Great
Lakes system (Bishop 2005) (Fig. 2). Isle Royale National Park, an archipelago, includes
the main island, multiple smaller islands, and any submerged land within 7.24 km (4.5
mi) of the surrounding islands. From the center of the largest island, geographic
coordinates for Isle Royale are 48.00044° N, 88.833412° W. Isle Royale is 14.88 km (45
mi) long and 6.4 km (9 mi) wide. Its land area is 2,314 km2 (894 mi2). Isle Royale is
located approximately 75 km (50 mi) northwest of Copper Harbor, MI, 29 km (18 mi) to
5

Figure 1. Isle Royale National Park (Source: National Park Service 2007).
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the east of Grand Portage, MN, and 24.14 km (15 mi) south of the U.S. and Canadian
Border (Primmer 1930; Bishop 2005).

Figure 2. Lake Superior Region (Source: National Park Service).
2.2 History
Isle Royale was ceded to the United States in 1782 from Great Britain following
the American Revolution. The island was ceded to the U. S. government by the local
Ojibway tribes in a treaty signed in 1842 (Isle Royale Natural History Association 1992).
Isle Royale became a National Park on 3 April 1940. It was the first island park in the
United States Park system. The park was designated a Wilderness Area in 1976, and was
named an International Biosphere Reserve in 1981. There are no roads (paved or
unpaved) or vehicular traffic on the island. The public has access to 257.5 km (160 mi) of
hiking trails. The park is only open to visitors from mid-May through late October
(Primmer 1930; Bishop 2005), and can only be reached by boat or seaplane.
2.3 Physiography
Isle R.oyale?s natural resources have been used by humans for more than 4500
7

years (Isle Royale Natural History Association 1992; Clark 1995; Martin 1999). Native
Americans, followed by European immigrants, have come to Isle Royale to hunt, fish,
and gather the natural resources found on the island. Many mineral resources are found
on Isle Royale. It is the native copper that drew humans to Isle Royale. The remnant
mining features such as depressions, trenches, and mounds are the focus of this study
(Primmer 1938; Fitting 1970; Mason 1981; Isle Royale Natural History Association
1992; Shelton 1997).
Isle Royale is characterized by ridge and valley topography running on a northeast
- southwest axis (Huber 1983) (Fig. 3). The most recent glaciation is the Valders Stadial
of the Late Wisconsin (Huber 1973, 1975, 1983).

Figure 3. Ridge and Valley (trough) topography (Source: Huber 1983).
The current land surface is the result of the advance and subsequent retreat of this
glacial episode (Huber 1975, 1983). The ridge and valley systems were formed by glacial
erosion (quarrying and abrasion) that shaped the land surface by scraping and gouging
the rocks. Materials were removed by plucking and by erosional forces of water. The
softer sedimentary rocks have been removed over time by differential erosion leaving the
more resistant more resistant volcanic rocks of the Keweenawan series, resulting in the
8

distinctive ridge and valley landform (Primmer 1938; Dorr and Eschman 1970; Huber
1973, 1975, 1983; La Berge 1994; Shelton 1997).
2.3.1 Geology
The Lake Superior Region is located on the southern-most extent of the Canadian
Shield (Huber 1983). The Canadian Shield is a tectonically-stable region comprised of
mostly Precambrian rocks dated to more than 570 million years old (Dorr and Eschman
1970; Huber 1983; LaBerge 1994) (Fig. 4). In the Lake Superior region, the Keweenawan
NW
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Figure 4. Cross-section of the Lake Superior Basin (Source: Huber 1983).
Series or Supergroup (Huber 1975, 1983) (Upper Precambrian) is the most recent in the
formation and have an estimated age of 1.1 billion years (Don-1970; Huber 1975, 1983;
LaBerge 1994). This group can be further divided into layers, two of which contain
native copper; the Portage Lake Flows and the Copper Harbor Conglomerates (Dorr and
Eschman 1970; Huber 1975, 1983; LaBerge 1994).
2.3.1.1 Copper Mineralization
Copper (Cu) is recognizably Michigan’s most important mineral resource
(Heinrich 1976; Robinson 2004). “For 42 years (1845-1887) ‘Native’ Keweenawan
9

copper was king of the industry in North America” (Dorr and Eschman 1970). The
coppers of the Keweenawan Series are manifested in two distinctly dissimilar forms
(Dorr and Eschmann 1970) (Fig. 5). “The two copper minerals vary from each other
based on mineralogy, host-type rock, and possible origin, as well as being separated
stratagraphically and geographically.” (LaBerge 1994; 168). The form of primary interest
to this study is metallic or ‘Native Copper.’

Figure 5. Distribution of rock units in the Lake Superior Region (Source: Huber 1983).
The copper mineralization in the Lake Portage flows of the Keweenawan Series is
the result of “hypogene (‘carried-up’)-hydrothermal (‘hot-water’)” (Dorr and Eschman
1970: 74; LaBerge 1992; Klein and Hurlbut, Jr. 1999; Iyer 2002). Copper mineralization
begins as mineral laden hot water rises up along the incline of the inter stratified rock,
which includes lava flows and beds of conglomerate (Dorr and Eschman 1970; LaBerge
10

1994). The hot water solutions traveled along fault zones, through porous material such
as the amygdaloidal surfaces of lava, and through interconnected void spaces of the
conglomerate layers until reaching impervious layers and “pinch-outs'"’ (Dorr and
Eschman 1970). Changes in temperature and/or mineral composition releases the mineral
held in chemical solution by hypogene processes and deposits the mineral into existing
rock formations (Klein and Hurlbut, Jr. 1999). “Mineralization of native coppers lodes
occurred during, or immediately after the faulting of the Keweenawan rock within the
Lake Superior basin.” (Dorr and Eschman 1970).
2.3.1.2 Glacial Geomorphology
Little remains of the geologic record encompassing the 570 million years
following the Phanerzoic Eon. The missing time periods include the Paleozoic, Mesozoic,
and Cenozoic Epochs (USGS 2004). The gap in the geologic record is attributed to
glacial erosion that occurred over the last two to three million years (Huber 1975, 1983).
With each advance of the ice, the record of the previous glacial topography of the region
was removed by glacial processes (Huber 1973, 1975, 1983). As these ice sheets grew
and merged into one mass, the Lake Superior basin, including Isle Royale, was over-lain
by the ice. Glacial erosion along the axes of the stream beds in the syncline formed the
Lake Superior basin (Huber 1973, 1975, 1983).
On the eastern half of Isle Royale evidence based on glacial striations, suggests
that the ice moved from the north-east to the south-west (Fig. 6). Many of the exposed
ridges of Isle Royale exhibit the smoothing and striations associated with glacial
abrasion, but these surfaces are “best observed on shorelines where the landform dips into
Lake Superior” (Huber 1983).
11
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Figure 6. Direction of glacial ice movement on Isle Royale (Source: Huber 1983).
isle Royale’s shoreline is a complex series of coves, inlets and bays. The
beaches are generally cobbly with rocky outcrops. Inland areas provioe a diverse range of
environments that include grassy ridges, mixed northern hardwood complex forests,
boggy swamps, and fresh water lakes. The island has approximately 30 inland lakes,
many of which are inter-connected (Primmer 1938; Dorr and Eschman 1970; and Shelton
1997).
2.3.1.3 Soils
The soils of Northern Michigan can be broadly classified as Podzols (spodosols)
(Fitting 1970). On the east end of Isle Royale, soil development is weak. Glacial drift on
the eastern half of Isle Royale is sparse when contrasted to the deposit observed on the
western end of the island (Huber 1973). Generally, modern soils formed in the uplands
are Inceptisols, while soils in lower-lying areas are Histosols (Carey 2007).
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2.3.2 Climate
Isle Royale’s climate is cool and damp throughout the late spring, summer, and
fall months. Lake Superior’s cool water often creates dense fog during spring and
summer months. Lake Superior’s water temperature rarely exceeds 11.1° C (52° F). In
land temperatures infrequently rise above 26.7° C (80° F). Annual precipitation averages
65.8 cm (25.9 in) (National Park Service 2007). Precipitation in the form of rain is
common during the summer. Thunderstorms cause rapid changes in wind and wave
conditions (National Park Service 2007). Winters are cold, with heavy snows. Lake
Superior does not freeze during the winter months many years. The cold weather season
in Isle Royale commences with frosts beginning as early as mid-September; snow-falls
can be expected in mid-October. By mid-May snow melt is nearly complete, but small
patches can remain into June. Winter snow falls average 150-200 cm (58-78 in) between
December and March. Snow depths in January and February range from 60 to 70 cm (2327 in). In January and February typical temperatures range from -5 to -15° C (5 to 23° F)
(National Park Service 2007).
2.3.3 Flora
Isle Royale is included in the boreal forest system of the northern climate region
of North America. The forests of the island can be broadly divided into three groups. The
north-eastern forest is part of the transitional boreal forests and contains mostly aspen and
balsam fir. The mid-island forest represents a post-fire re-growth forest of spruce and
birch. The remaining forest on the southern end of the island is mixed northern
hardwoods that include maple, aspen, and balsam fir (National Park Service 2007).
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The dominant tree species on the island are Picea mariana (black spruce), Belula
alleghaniensis (yellow birch), Acer saccharum (sugar maple), Betula papyrilera (paper
birch), Populus tremuloides (aspen), A bis (fir), Abis balsumea (balsam fir), Thuja
occidentalis (white cedar), Pinus banksiana (jack pine), and Larix laricina (tamarack)
(Shelton 1997).
As well as forest environments, Isle Royale has bogs, open fresh water lakes and
streams. On the southern side of the northeast end of the island, arctic-alpine vegetation is
present, including Empetrum nigrum (black crowberry), Pontilla recta (three-toothed
cinquefoil), and vaccimiam boreale (alpine blueberry). Bog and wetlands support
Cyperaceae (sedges), Andromeda polifolia (bog rosemary), Eleocharis palustris (spike
rush), Droseraceae (sundew), and Sarraceniaceae (pitcher plant) (Shelton 1997). Ridge
regions and forest area support many shrubby and herbaceous plants. The most important
of these is Rubus parviflorus (thimbleberry). Other species include, Poaceae (grasses),
Corylus avellana (hazelnut), Amelandchier (June berry), Pinus pensylvanica (fire cherry),
Prunus virginiana (choke cherry) (Shelton 1997).
2.3.4 Fauna
The faunal inventory includes Alces (moose), Canis lupis (wolf), caster (beaver),
Vulpes vulpes (red fox), and Lepus americanus (snowshoe hare). The most commonly
seen species of bird includes Gavia immer (common loon) and Mergus serrator (Red
headed Merganser). Several species of migratory waterfowl are also present in season.
Fresh water fish include Salvelinus namaycush (lake trout), Oncorhynchus gorbuscha
(salmon), Osmeridea (smelt), and Perea flavescens (perch) (Shelton 1997).
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CHAPTER III
LITERATURE REVIEW
3.1 Remote Sensing in Archaeology
Traditionally, photography has been used in archaeological survey as a method to
identify cultural features (Renfrew and Bahn 2000; Lillesand, Kiefer, and Chipman 2004;
Ridd and Hippie 2006). The visual features on the surface provide vital clues for the
researcher planning and conducting field work. As early as 1906, British archaeologists
employed military hot-air balloons as a platform for hand-held cameras as a means to
conduct surveys at such well known sites as Stonehenge (Jensen 2000; Bewley 2003;
Devereux et al. 2005). The vertical and oblique views of the land surface make it possible
for researchers to visually assess the land surface for information related to the research
project. Photographic images have been collected over a time period covering decades,
providing scientists with a means to view the temporal condition of the land surface, and
contrast that view with present conditions (Jensen 2000; Renfrew and Bahn 2000;
Bewley 2003; Ridd and Hippie 2006).
The application of aerial photography as a method of remote sensing for
archaeological survey is still the most widely used in field work today (Renfrew and
Bahn 2000). Aerial photography is the technique for surface survey that allows
researchers to study the land surface in an effort to identify anthropogenic features such
as remnant structures, agriculturally related boundaries, and faint patterns on the land
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surface that have been known to indicate changes in vegetation and crop marks in the
soil. These surface anomalies are the visual evidence archaeologists use in the
development of a field method (Renfrew and Bahn 2000; Lillesand, Kiefer and Chipman
2004; Ridd and Hippie 2006).
There are several explanations for the longevity of use of aerial photography in
archaeological applications. As previously discussed, aerial photography is extremely
affordable (Renfrew and Bahn 2000). Paula Showalter-Sands (1993, 79) suggests “Cost
savings realized through remote sensing...can be substantial...as much as 15 times less
the expense in terms of personnel hours.” Archives cover decades of data collection, and
are accessible through “government and private agencies on the national, state and local
level” (Showalter 1993). Another important attribute of aerial photography is that
photographs are very easy to interpret without a great deal of training. Aerial
photographs are also scaled to match closely with USGS 7.5' quadrangle maps, which
provide compatibility to associated resource materials (Lillesand, Kiefer, and Chipman
2004).
3.1.1 LiDAR in Archaeology
A survey of the literature for the use of LiDAR data in archaeological aerial
survey reveals that the innovative remote sensing technology is extremely versatile and
effective (Bewley et al. 2005; Devereux et al. 2005; Crutchley 2006; Harmon et al. 2006).
The sensor reached a mature state of development and became available for use by the
mid 1990s (Harmon et al. 2006). LiDAR is touted as the most significant addition to
aerial survey in archaeology since the advent of photographic techniques in the 1920s
(Bewley, Crutchley, and Shell 2006).
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In England, LiDAR data have been used by the Environmental Agency (EA) for
the last 10 years, and in the past five years aerial surveys have begun to employ LiDAR
as investigative method more frequently (Crutchley 2006). In the Netherlands, OEMs
first became available in 2001. By 2004 the entire country had been surveyed by LiDAR
collection flights, which created a national digital elevation data base. The Netherlands
LiDAR data-base has been used for archaeological investigations (van Zijverden 2003).
Application of LiDAR technologies to detect cultural features in the United States is
beginning to gain momentum, as can be exemplified at investigations in Maryland of two
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Century plantations, and in the preliminary work conducted in the North Carolina

studies focusing on the migrations of Roanoke colonists (Harmon et al. 2006; Lucas,
Smith, and Mathis 2007).
The first mention of LiDAR use to detect archaeological features occurred in
November of 2000. In. this instance, LiDAR was used by Nick Holden of the EA in
England to detect and document ephemeral surface evidence of a Roman fort at Newton
Kyme, West Yorkshire, England (Crutchley 2006).
LiDAR was originally developed as a sensor that could penetrate and retain
accuracy through the tree canopy of a forested environment. Forest canopies have been
the limiting factor in aerial photography when used in archaeological survey (Ackermann
1999; Harmon et al. 1999). A significant benefit identified during the developmental
phases of LiDAR technology was that LiDAR can be employed during investigations of
land surfaces that could be “considered primarily archaeological” (Harmon et al. 1999).
Subsequently, other benefits for the use of LiDAR data in the detection of archaeological
features have been ascertained. Some of these benefits include a finer representation of
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the natural land surface and changes in elevation; the ability to filter out vegetation;
identify upstanding features such as stone monuments; ease in manipulation and
exaggeration of the data to highlight and isolate archaeological features (van Zijverden
2003; Bewley, Crutchley and Shell 2005; Devereux et al. 2005; Crutchley 2006).
The two studies provide excellent examples of how extremely effective aerial
survey using LiDAR to detect archaeological features can be; and have been instrumental
in the design of this study were those presented by Bewley, Crutchley, and Shell (2005)
and Devereux et al. (2005). The study by Devereux et al. (2005) has been extremely
enlightening. LiDAR data were collected for an archaeological site (Welshbury Hill in
the Forest of Dean) in a forested environment. In this article it was acknowledged that
traditional aerial survey using photography was ineffective, and in this environment
traditional surface reconnaissance is difficult, expensive, and time consuming. Because
LiDAR data could be manipulated, and the forest canopy filtered out, it became possible
to detect the hillfort. It was found that linear features such as ramparts and ditches were
easily detected. Of equal importance, ephemeral features could also be identified
(Bewley, Crutchley and Shell 2005). Investigations using LiDAR data at Stonehenge
World Heritage Site (SHWHS) provide more insight into the use of LiDAR as a new
aerial survey method. In this investigation, not only were known sites and features re
inventoried, but new features were identified. While SHWHS was not located in a
forested environment, the study provides good background on the use of LiDAR as an
investigative tool and points out the usefulness of the technology in site management.
Continued studies in England have investigated Roman roads, earthwork features,
and lead mining rakes (features) in the Mendip Hills. Studies completed Witham Valley,
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Lincoln, England using LiDAR data for the detection of Iron Age causeways, field
boundaries, enclosures, moats, barrows, and other features have provided mixed results
on the effectiveness of this emerging technology. It was found that LiDAR can be used
to good advantage, especially in regards to the detection of changes in elevation
(Crutchley 2006).
Use of LiDAR data in The Netherlands illustrates how effective LiDAR can be
when used a geomorphic assessment the land surface to identify natural land surfaces that
relate to settlement patterns. In this study, the LiDAR-based investigations focused on the
geomorphology of the flood plain and channel patterns at Eigenblok in the municipality
of Geldenmalsen were used successfully to identify land surfaces associated with
settlement patterns in the investigation of Late Neolithic and Bronze Age settlements
(van Zijverden 2003).
Recent work done in the United States using LiDAR data to investigate
archaeological features continues to confirm the successfulness of LiDAR data to detect
archaeological features. The features investigated in the Hannon et al. (2006) study were
the remnants of two 18 Century formal gardens. The conclusions of this study included
the assessment that visually features exhibiting small changes in elevation can be
detected using LiDAR-derived images. Whereas, those same features might have been
undetectable on the ground during surface survey, and on the a whole the use of LiDAR
to detect archaeological features was effective (Harmon et al. 2006).
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3.2 The Sensor: LiDAR
3.2.1 LiDAR History
In response to a technology driven industry, LiDAR was developed in the 1970s
and 1980s; and became available for use in the mid-1990s (Harmon et al. 2006). This
remote sensor has been developed by several entities including U.S. and Canadian
government agencies (Ackermann 1999; Harmon et al. 2006).
Two names have been used to identify this sensor. The first was LADAR, an
acronym derived from Laser Detection and Ranging. Originally this name was applied to
the sensor because it was though to best describe how the laser was used. Contemporary
nomenclature has settled on LiDAR (Light Detection and Ranging) to describe the sensor
(Wehr and Lohr 1999; Campbell 2002).
3.2.2 LiDAR Systems and Operation
LiDAR is an active form of airborne radar that uses laser pulses to detect
characteristics of the earth’s surface. A LiDAR sensor functions as a complex, automated
system to collect highly accurate views of the land surface by directing dense pulses of
light energy at the land surface. The system includes a platform to fly the sensor,
generally an airplane or a helicopter. Working as a component of the system, GPS
receivers on the platform and on the ground provide spatial data for sensor position and
attitude of the sensor. An accurate clock is required to provide precision measurements
for the travel time of the emitted laser pulse and its subsequent return. Substantial
computer processor and storage for the data sets collected during the flight is required,
and GIS and filtering software to process, manipulate and store data (Ackermann 1999;
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Wehr and Lohr 1999; Jensen 2000; Campbell 2002; Lillesand, Kiefer and Chipman 2004;
Bewley, Crutchley and Shell 2005; Devereux et al. 2005).
A LiDAR system works by aiming a beam of near-infrared light, usually at a
wavelength of 1.64 pm, at a targeted study area. This beam of light is a laser pulse that is
intense enough that radiation is bounced back from the object to a detector (receiver)
mounted beside the laser on the flight platform (Ackermann 1999; Campbell 2002;
Harmon et al. 2006) The laser and the detector are mounted together to ensure that the
object is in the same footprint (Fig. 7).

Figure 7. Generalized LiDAR collection flight (Source: Lillesand et al. 2004).
The laser beam is emitted in carefully timed pulses in a side to side sweep along
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the flight line of the platform as the platform moves forward over the study area. The data
is derived from the beam that was emitted by the sensor and the fraction of the original
beam pulse that is bounced back to the detector (receiver) from the surface (Wehr and
Lohr 1999; Jensen 2000; Campbell 2002; Lillesand, Kiefer and Chipman 2004).
All LiDAR data are generated by measuring the length of time it takes for a laser
pulse to reach a target and return to the sensor. This is primarily a measure of distance
(Harmon et al. 2006). Time measurements between the pulse leaving the aircraft sensor
and its return are precisely recorded (Harmon et al. 2006). The time measurement can be
converted into a distance measurement by dividing the flight time in half and multiplying
by the speed of light (Devereux 2005). An alternate way of determining the ranging
principle for time-distance measure can be found in Wehr and Lohr (2006). They
expressed the flight time of a pulse or the time it take for the light pulse to travel between
the sensor and the object (tL) as follows:

C

( 1)

where R equals the distance between the sensor (ranging unit) and the surface (object)
and c equals the speed of light.
A LiDAR sensor is noted for its dense sampling rate. The pulse rate is typically
between 20,000-100,000 pulses per second. The return signal picked up by the sensor can
be within a range between 20,000-100,000 points per pulse (Wehr and Lohr 1999; Jensen
2000; Campbell 2002; Lillesand, Kiefer and Chipman 2004). As a result of the dense
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sampling rate, highly accurate clock time, and precise location data from the GPS
systems, LiDAR data provides highly accurate surface elevations. Collected data can
prove accurate on the vertical axis to within ±15 cm (6 in) (Harmon et al. 2006).
3.2.3 Data Processing
After the data collection flight has been performed, processing of the collected
data is required to create the DEMs, DSMs, and DTMs. An interpolated image results
from the processing of the data. The image is a facsimile of the actual ground surface
rather than being representational, such as is a photograph.
A review of the literature on this topic reveals a paucity of material. Currently,
one article of note by Axelsson (1999) details some of the basics of data processing for a
LiDAR data sets.
Data collected during a flight has characteristics of a sub-random point cloud.
Processing the immense data sets involves the removal of unwanted or un-necessary data.
The objective for creating a bare-earth model is the removal of the unwanted data,
because these data represent, among other things, surface vegetation. This removal
process is called filtering. Filtering is completed by using complex, specialized statistical
algorithms that classify and interpret time and distance data (for a more detailed
description of data filtering see Axelsson 1999). The data that are removed can be
thought of as noise, outliers, or gross errors in the collected data. The generalized data
sets that are used to create the image are called modeling (Axelsson 1999).
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3.2.4 Canopy Penetration
In light of this study, it is important to consider the forest canopy, and
undergrowth, both of which are limiting factors for field verification and use of
traditional aerial photographs. Ground cover in the physical setting provides the greatest
visual obstruction during survey, and forest canopies in aerial photographs frequently do
not provide adequate views of the surface, even those photographs collected during the
leaf-off period (Janulis 2007).
Multiple surface returns from forest canopies or other vegetation cover does not
represent any single surface. Ground surface must be derived (interpolated) by
mathematical modeling on the basis of data analysis and data redundancy (Ackermann
1999; Jensen 2002; Campbell 2002). One pulse may encounter several obstacles before
reaching the land surface or an object, creating several returns from one pulse. In
vegetation, this creates the ability not only to sense a forest canopy, intermediate points,
and ground surface. Subsequent filtering and modeling processes as described by
Axelsson (1999) is the method by which data are converted form a set of data points into
the interpolated image that can be used to assess the land surface for purposes such as the
detection of cultural resources.
3.3 History of Survey
The most active form of archaeology conducted in the United States at the present
time is Culture Resource Management (CRM) (Green and Doershuk 1998). Pedestrian
survey is one of the many strategies used by CRM firms to locate and identity cultural
resources and archaeological sites in the United States.
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Since 1906 the U.S. Government has sought to protect cultural resources through
legislation. The Antiquities Act was the first of the laws fashioned to protect our cultural
heritage (Renfrew and Bahn 2002). Continuing legislation over the years continued to
shape the manner in which the United States manages the nation’s cultural resources.
President Nixon enacted Executive Order #11593 in 1971. This legislation established
criteria for funded archaeological survey work performed by the U.S. Forest Service, the
National Park Service, and the U.S. Army Corps of Engineers. During this period, forest
heritage management surveys were implemented (Renfrew and Bahn 2002). By 1974, the
National Historic Preservation Act provided for authorization of federal agencies to fund
the preservation and recovery of archaeological and historic resources when they are
endangered by federal projects. Most CRM w'ork performed currently is designed to
comply with the Archeology and Historic Preservation; Secretary o f the Interior
Standards and Guidelines (48 FR 44716-44742, September 29, 1983) (Lucas and Smith
2007). Contracts for federal project specify 1% of the cost of the contract goes to
archeological survey (Renfrew and Bahn 2002). Federal laws regarding the preservation
of cultural resources are administered through State Historic Preservation Offices.
Projects conducted on state lands are similarity protected. Archaeological sites on
privately held lands are not protected by these federal laws (Green and Doershuk 1998;
Renfrew and Bahn 2003).
3.3.1 Surface Survey
Pedestrian survey is a traditional method used for site detection (Green and
Doershuk 1998; Renfrew and Bahn 2003). The main purpose of the survey is to ascertain
the presence or absence cultural resources within the bounds of the survey area. Survey
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can be divided into two types (Renfrew and Bahn 2000). The first is unsystematic, and
involves walking along a transect line and recording any cultural feature(s) identified on
that transect. This is the type used in the forest environment. The second type of survey is
systematic. This type of survey uses a grid system to divide the area into orderly units.
Each unit is then systematically surveyed. The benefit of this type of survey is in the
accuracy of the work by more thoroughly covering the survey area. This type is not easily
applied in forest environment because of the size of survey an a(s), the density of the
vegetation, and usually rough terrain (Schiffer et al. 1978; Renfrew and Bahn 2002).
3.4

Isle Royale General Archaeological Background

The archaeology of Isle Royale is significant to this study. Native Americans and
Europeans were drawn by the copper found on the island. The remnant mining features
made by these pre-and post-European contact mining operations are the focus of this
study.
3.4.1

Pre-historic Archaeological Context

Primmer (1938) recognized the archaeological significance of Isle Royale. His
observations were published as the island was being considered as the United States’
newest National Park. He states: “Archaeological values center about prehistoric copper
mines, their miners, and ruined structures. One copper bearing sedimentary belt, 20 to 40
feet wide, shows evidence of working two-and-one-half mile long. Multitudinous
‘hammer stones’ and numerous pits ten to twenty feet deep indicate the magnitude of the
operation.” (Primmer 1938, 352).
Ethnographic evidence provides abundant accounts of copper use by Native
Americans. Rickard (1934) and Drier and DuTemple (2004) cite numerous reports by the
26

early European explorers. These remarkable accounts provide accurate geographic
descriptions for the source of native copper in the Great Lakes region. Prehistoric copper
exploitation centered primarily on four locations within the Lake Superior Basin: Isle
Royale, Ontonagon County, Portage Waterway, and Copper Harbor (Martin 1999). Isle
Royale and the Keweenaw Peninsula contain the richest deposits of copper (Miles 1951).
In the Great Lakes Region, the cultural context for the Middle and Late Archaic
Phases (3000 B.P.) was referred to as “Old Copper Culture” (Martin 1999). This term has
long been used to describe cultures that used copper for tools and ornaments, and were
known to occupy a geographic range within the southern Great Lakes region including
present-day Minnesota, Wisconsin, Upper Michigan, northern Illinois, eastern Iowa, and
into Southern Ontario (Miles 1951). The key element that distinguishes these cultural
groups is the use of copper for tools (Martin 1999). Middle and Late Archaic Phases
represent several cultural groups that ‘interacted’ by sharing belief systems, customs and
technologies, and trade. The characteristics of the Archaic artifacts are distinctive; i.e.
diagnostically “utilitarian” (Miles 1951). Artifacts associated with the copper cultures
include socketed projectile points, knives, and adzes; spuds and semi-lunar knives; and
spear points, gaffs, beads, conical harpoons, and celts (Clark 1995; Martin 1999).
Archaeological evidence dates some of the earliest identifiable human occupation
and exploitation of copper on Isle Royale to 4500 B.P. (Isle Royale Natural History
Association 1992). Based on 14C dating methods and temporally diagnostic artifacts, a
chronology of cultural interaction in the region has been constructed. Isle Royale Late
Archaic culture is poorly represented (Clark 1995; Martin 1999; Halsey 1999). Lithic
analysis and site location done by Clark (1995) and Martin (1999) provide little evidence
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to support a lasting OCC period of occupation on Isle Royale. Martin (1999) suggests
that copper exploitation on Isle Royale could be attributed to cultural groups of the Shield
Archaic. Shield Archaic culture is predominant north of the Great Lakes; however,
evidence of their culture has been found on the North Shore of Lake Superior (Mason
1981). Differences between OCC and Shield Archaic sites are based on diagnostic
artifacts (Martin 1999) (Table 1).
Table 1. Cultural phases represented on Isle Royale (Source: Modified from Martin
1999).
T ra d itio n an d

A p p ro x im a te y e a rs

Phase

b e fo re p re s e n t

H is to ric P e riod

500

E th n ic G ro u p s ,
A rtifa c t A s s e m b la g e

A rc h a e o lo g ic a l
C u ltu re s . P h a s e s
C o rnish, Irish,

In d u stria l M in in g

G e rm a n , Finns,
N o rw e ig e n s,
A m e ric a n s

T e rm in a l W o o d la n d

1000

F in e g ra in e d cherts,

B la ckd u ck, Lakes,

c e ra m ics, c o p p e r

O neota, S e lkirk,

to o ls an d o rn a m e n ts

H uron, Ju n tu n e n
In d e te rm in a te M id d le

M id d le W o o d la n d

1500

C e ra m ic s

In itia l W o o d la n d

200 0

F in e g ra in e d cherts,
c e ra m ics, c o p p e r

W o o d la n d
Laurel

to o ls and o rn a m e n ts
L a ke P o rta g e
L a te A rc h a ic

3000

Q u a rtz ite , ryh o lite ,
b a sa lts

S h ie ld A rc h a ic

Over the subsequent decades, a significant amount of archaeological investigation
has been conducted on Isle Royale (Halsey 1999). Archaeological investigations have
focused on the technological aspects of copper mining, the cultural significance of the
Native American groups associated with the island, and with the construction of a
‘cultural chronology.’ (Halsey 1999). On Isle Royale, four prehistoric cultural phases are
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represented: Late Archaic (3000-2000 B.P.), Initial Woodland (2000-1500 B.P.), and
Middle Woodland (1500-1000 (B.P.), and Terminal Woodland (1000-500 B.P.).
3.4.2 Isle Royale Late Archaic (ca. 3000-2000 B.P.)
The Late Archaic Phase on Isle Royale has been dated to 3000I4C yrs B.P. (Clark
1995). The Late Archaic Period on Isle Royale has been investigated less intensively than
subsequent cultural periods (Clark 1995; Martin 1999). Most of the archaeological
investigations previously conducted on Isle Royale have concentrated along the presentday shorelines (Clark 1995). Archaic sites are typically located on ancient beach ridges
associated with the ‘Nipissing high-water stage’ (Mason 1981). They are generally
located inland at elevations near 195-201 m (640-660 ft) (Clark 1995; Martin 1999). The
primary lithic raw materials associated with this phase on Isle Royale include Lake
Portage Quartzite, rhyolite, ana basalts (Martin 1995).
3.4.3 Isle Royale Initial Woodland Phase (ca. 2000-1500 B.P.)
Martin cites two Initial Woodland sites on Isle Royale: Daisy Farm (20IR45) and
Pickerel Cove 2 (20IR145). He includes a set of l4C dates for these sites ca.2100 B.P. and
1300 B.P. respectively. These sites are situated on the present-day shorelines of Lake
Superior. Ceramic artifacts, the defining element of the Woodland cul tural period, were
collected from both sites.
The Laurel cultural phase, represented in Isle Royale’s artifact assemblage,
includes two styles of ceramics: pseudo-scallop and push-pull type. The predominant
lithic raw materials are fine grained chert, rather than the quartzite and rhyolite used in
the Archaic. No distinctive differences were noted in the copper assemblage. Copper
artifacts included beads, awls, and waste copper (Clark 1995).
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3.4.4 Isle Royale Middle Woodland Phase (ca. 1500-1000 B.P)
The Middle Woodland is poorly represented in the archaeological record on Isle
Royale. Bastian (1962) attributes this to the fact that Middle Woodland cultures in the
southern Great Lakes region focused on Hopewellian cultural centers. Halsey (1999)
describes 10 previously recorded Middle Woodland sites on Isle Royale, including four
identified by Clark (1995).
3.4.5 Isle Royale Terminal Woodland Phase (ca. 1000-500 B.P.)
The Terminal Woodland phase on the island is well-represented in the
archaeological record. It was a very active period of cultural interaction and represents a
time of increased exploitation of the island’s natural resources (Clark 1995). Terminal
Woodland cultures include the Blackduck, Lakes, Oneota, Selkirk, Huron, and Juntunen
(Strait of Macinac) (Martin 1999). The ceramic assemblage on Isle Royale for this
cultural phase represents all the cultural groups common to the Great Lakes region. A
variety of lithic raw materials was used during this phase (Halsey 1999).
Clark (1995) suggests that campsites were used repeatedly by small groups who
were on the island to exploit the floral and faunal resources. Mining is thought to have
been a secondary activity to the subsistence practices. No direct relationships can be
found to relate the mines to the campsites (Clark 1995). Miles (1951) implies a
relationship between the campsites and the mines.
3.4.6 Pre-historic Mine Types
There are two type of mines identified with pre-historic cultural phases on Isle
Royale: pit mines and fissure mines. Pit mines are circular depressions or excavations in
the bedrock associated with lodes (an ore deposit consisting of the ore itself along with
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the host rock) (Martin 1999). Fissure mines are linear excavations that follow a copper
vein. Seven Terminal Woodland mine sites have been identified on Isle Royale. They are
located in association with the following historic mines: Siskiwit Mine, Look Out, 2 1/2
Mile, Singer, Phelps, Ransom Mine, and Malone 3 (Bastian 1963; Clark 1995).
3.4.7

Historic Era Archaeological Context

The historic mining period on Isle Royale can be divided into three periods (Table
2). Isle Royale was ceded to the United States by local Ojibwa tribes in a treaty signed in
1842 (Rakestraw 1965; Isle Royale Natural History Association 1992; Gale and Gale
1995; Drier and DuTemple 2005). In 1840, Douglass Houghton, the Michigan State
Geologist surveyed Isle Royale. His 1841 report noted copper deposits along the south
shore of the island (Michigan DNR 1977; Gale and Gale 1995).
Table 2. Historic era mines of Isle Royale.
M ine Name(s)
1. S m ithw ick Mine
2. Isle Royale & Ohio
Co.
3. Pittsburg & Isle
Royale Mine
4. S iskiw it Mine
1. Island Mine
2. Saginaw Mine
3. Minong Mine
1. Isle Royale Land Co.,
Ltd.

Associated Boom
Period

M ine Location

Dates of O peration

1. Rock Harbor
1. 1847-1849
2. Ransom Settlem ent at
2. 1847-1849
Daisy Farm
3. 1847
3. Todd Harbor
4. 1849-1855
4. Rock Harbor

First Boom Period:
1843-1855

Second Boom Period:
1873-1881
Third Boom Period:
1889-1893

1. W est Siskiw it Bay
2. Rock Harbor
3. M cCargoe Cove
G hyilabank, W ashington
Harbor

1. 1872-1800
2. 1877-1879
3. 1874-1879
1. 1889-1893

Much of the mineral exploration of this era is based on Houghton’s surveys
(Michigan DNR 1977). Throughout the literature, it is noted that historic mines are often
situated with native prospects (Winchell 1881; Holmes 1901; Bastian 1963; Clark 1995).
During the 1840s, S.W. Hill and Benjamin Livermore are credited with identifying
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Royale. This purchase represents a land-holding that includes nearly the entire island
(Rakestraw 1965; Isle Royale Natural History Association 1992; Gale and Gale 1995).
By 1871, the company had hired surveyors to assess their holdings (Rakestraw 1965).
Smithwick Mine I
American Mining & Exploring, Co

\ J Scoville Mine

■jwpgp^ Epiaote Mine |
Datallte Mine

Saginaw Mine. 1858-70

| Island Mine, 1874-78
Chicago & isle Royale Mine~|
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16

Figure 8. Historic era mines on Isle Royale.
3.4.9 The Second Boom Period (1873 to 1881)
The significant mines for this period are as the Island Mine (1872 to 1800), the
Saginaw Mine (1877 to 1879), and the Detroit-based Minong Mine (1874 to 1880).
Minong Mine is the most productive mine of this era (Rakestraw 1965; Isle Royale
Natural History Association 1992; Gale and Gale 1995). The mines were generally
operated by trained engineers and geologists, men who were experienced in the use of the
new the diamond-drilling technologies. The mines maintained close financial ties with
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their mainland financiers (Rakestraw 1965; Isle Royale Natural History Association
1992).
3.4.10 The Final Mining Period (1889 to 1893)
In a land deal brokered by Jacob Houghton, brother to Douglass Houghton, the
North American Mineral Company sold 33,993.5 ha (84,000 acres) to a British interest,
the Isle Royale Land Company, Limited (Rakestraw 1965; Isle Royale Natural History
Association 1992). This sale represents a land sale that covered approximately threequarters of the island. The Isle Royale Land Company, Ltd. based their operations at a
settlement they named Ghyllabank at Washington Harbor. By 1892, the company shifted
focus from mining and develops their holdings into a game preserve and vacation resort
(Isle Royale Natural History Association 1992; Gale and Gale 1995). After this period,
mining operations are discontinued on the island, and in less than 50 years the island
became part of the National Park System (Primmer 1938).
3.4.11 Siskiwit Mine
Siskiwit Mine (20IR41) is identified as a multi-component site, having both preand post-European contact components (Rakestraw 1965; Isle Royale Natural History
Association 1992; Martin, Martin, and Gregory 1994; Gale and Gale 1995; Clark 1995).
Clark (1995) outlines the following temporal history for Siskiwit Mine (Fig. 9).
The pre-historic component is dated to 1420 l4C yrs B.P. (Griffin and Crane 1965;
128). Bastian (1963a) investigated a pre-historic-era fissure mine at this site and
collected 16 hammerstones. A 1986 investigation by Clark (1987) discovered a sheet
midden that contained beaver and fish bone, stone tool debitage, some copper waste, and
non-diagnostic ceramics. 14C dates for the midden are Terminal Woodland Phase, circa
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1760 ± 60 B.P. (Clark 1987a). During this historic period, this site was used as a fishing
camp by the North American Fur Company (Isle Royale Natural History Association
1992; Gale and Gale 1995). The mine was organized in 1844-45 under the name of Isle
Royale and Union Mine. Prospecting began in earnest in 1846. The mine was reorganized
in 1847. The Siskiwit Mining Company was under the leadership of Charles Whittlesey,
agent and geologist (Rakestraw 1965; Isle Royale Natural History Association 1992). The
mine closed in 1855 due to a fall in copper prices and production problems (Rakestraw
1965; Isle Royale Natural History Association 1992; Clark 1995).

Figure 9. Surface plan map of the Siskiwit Mine Site (Source: Martin 1999).
In 1850 the mine had a log cabin for the agent, log shanties for the workers, a log
store house, barracks, and a stamp mill (Rakestraw 1965; Isle Royale Natural History
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Association 1992; Gale and Gale 1995). Clark (1995) describes the following remnant
structural features at the mine site: a stamp mill, pump house, black smith shop, shafts
and numerous adits, a stamp rock pile and spoil rock pile on the Rock Harbor shoreline.
The mine produced up to 200,000 tons of copper (Rakestraw 1965; Parratt and
Welker 1999). Mining operations were discontinued at the point where the ore vein
dipped below the lake surface. Miners were unable to pump out the water that seeped into
the adit.
3.4.12 Ransom Mine
Ransom Mine (20IR43) is a multi-component site that contains both pre- and
post-European contact components (Rakestraw 1965; Gale and Gale 1995; Martin,
Martin and Gregory 1994; and Clark 1995). Clark (1986) notes finding a hammerstone at
this mine site. The mine was in operation between 1846 and 1849. The mine was
operated by the Isle Royale and Ohio Mining Company and was named after Leander
Ransom, the mine agent. The mine complex included shafts, prospects and spoil rock
piles (Clark 1995).
3.4.13 Minong Mine Complex
Minong Mine (20IR24) is the largest mine on the island and a multi-component
site (Clark 1995). Both pre- and post-European contact components have been identified
and investigated (Rakestraw 1965; Martin, Martin, and Gregory 1994; Clark 1995; Gale
and Gale 1999; Parratt and Welker 1999). The pre-historic component at Minong Mine
has been dated to 3000 ±350 14C years B.P.
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Holmes (1901) describes aboriginal mining practices as feats of sheer strength.
The technique involved bashing exposed rock with hammerstones imported from the
Canadian shoreline (Winchell 1898; Holmes 1901) (Fig. 10). Holmes observed charcoal

Figure 10. William Henry Holmes 1892 map of the Minong Mine (Source: Martin,
Martin, and Gregory 1994).
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concentrations in the bottoms of many of the prospecting pits and reasons that the pre
historic prospecting efforts employed heat-treatment of the rock formations followed by
cooling of the formations through the application of water. This technique produces
abrupt changes in temperatures, causing the rock to fracture, facilitating the bashing
technique used to break up the mineral bearing rock.
Holmes (1901) describes the land surface as highly pitted with aboriginal
prospecting pits. He portrays the pits as “depressions that are rounded or irregular in
outline and seldom more than three or four feet deep.” Estimates of pit numbers
ranges between 1,500 and 3,000 Griffin (1961). While Bastian (1962) reports counting
1,010 aboriginal prospecting pits at Minong Mine. The Minong Mine area is identified in
1841 by Hill and Livermore (Gale and Gale 1995). In 1874 the Minong Mine, Cove, and
Ancient Mining Companies were operated by the same group of investors through an
officers/board business organization. Of the three, only the Minong Mine was being
worked at this time (Rakestraw 1965). The mine was purchased from the North American
Mineral Land Company. The land deal included 589 ha (1,455 acres) along the Minong
Ridge. During the 1840s, S.W. Hill, one of the land surveyors, noted that the area had
ample, rich resources that included plentiful timber stands, good location with land
surfaces that will allow road construction to access all the mineral veins, and obvious
prospecting pits made by previous native mining operations (Rakestraw 1965).
By 1875, the mining operation at Minong was well established. Rakestraw (1965)
outlines an infrastructure that began at the mouth of McCargoe Cove. The transportation
system included docks for the unloading of supplies meant for the mine and loading of
ore shipments brought out to the mouth of the cove by tug and flat boats. Wagon roads
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had been constructed between the docks at the terminus of McCargoe Cove: rail lines had
been laid connecting the mine to the stamp mill and the docks. Structures included six
houses, a store, and an office at the mine site. Rakestraw typifies the mine in 1876 as
having two shafts, one that exceeded 91.5 m (300 ft) in depth. Generally, mining
operations employed the open pit method. The Minong Mine failed in 1879. Rakestraw
(1965) cites poor management and failing mineral resources as the cause. At this late
period in Minong’s operation, stamp copper was only 1.5% in mineral content.
According to Gale and Gale (1999), the mine produced an amazing 100,000 tons of
copper in 1871. Minong’s mine also produced some notable mass copper deposits. In
September 1875, after more than three days of work, miners removed three masses that
weighed 6,000, 4,000, and 3,500 pounds (Rakestraw 1965).
3.4.14 Stanley Ridge
Stanley Ridge has no recorded cultural sites. It has been surveyed by Fred Dustin,
and was named after Dustin’s assistant, George Stanley (Parratt and Welker 1999). The
rocks of Stanley Ridge are likely the same formation found at the Minong Mine.
3.4.15 Moskey Basin
Moskey Basin contains one recorded site pre-historic site within the bounds of the
study area (Clark 1995). This site was not the focus of this study. A land survey of the
basin was conducted in the 1930s by George Moskey (Parratt and Welker 1999).
3.4.16 Starvation Point
Starvation Point contains one recorded pre-historic site (Clark 1995) within the
bounds of the study area. This site was not the focus of this study. Local legend states
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that the point was named by Mike Johnson, a local fisherman, who claimed that if he had
to survive on his catch, at this location, he would starve (Parratt and Welker 1999).
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CHAPTER IV
METHODS AND DATA
4.1 Introduction
The objective of this research was to demonstrate that LiDAR-derived images
could be used in Phase I aerial reconnaissance survey to assess the land surface for the
presence (positive, high probability) or absence (negative, low probability) of cultural
features in forested environments. Interpretation of the land surface in the research area
was accomplished by combining remote sensing techniques with field verification
(surface reconnaissance).
This type of image interpretation was not meant to supplant pedestrian survey.
LiDAR hillshade models were used as the primary visual resource (Fig. 11). In
forested areas where less 30% of the ground surface is visible, LiDAR images, processed
as hillshade, with vegetative matter removed, were used in association with aerial
photographs to assess the research area prior to field verification.
The LiDAR models were used in the same interpretive manner as with traditional
aerial photography. Near-infrared images from 1998 and true color images from 2005
were used to compare contemporary land surface areas to that of the LiDAR imagery.
Because of the dense forest canopy across the research area, it was anticipated that
surface views on traditional aerials would be poor, thereby emphasizing the relevance of
the LiDAR derived bare-earth models. Bare-earth models were used to identify various
41

Kilometers

Figure 11. LiDAR hillshade Isle Royale, Michigan.
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cultural manifestations such as pre- and post-European contact copper mining sites, and
any associated historic settlements. These features were noted on the maps as high
probability targets for the field survey. Identification of cultural features was based cn
shape, shadow, pattern, and texture (Lillesand, Kiefer, and Chipman 2004).
4.2 Data
LiDAR data were obtained without cost from the staff at Isle Royale National
Park, MI. The LiDAR data were collected by Sanborn Mapping over Isle Royale between
6 October and 9 October 2004, during the leaf-off period. The data collected from those
flights were processed into the bare-earth models by Sanborn Mapping. The data used in
this research project were provided as a copy of the original data set on a DVD storage
device in two formats: 1.) Digital elevation model (DEM) and 2.) Hillshades. The
hillshades were the primary image used for interpretation. The total size of the file is 2.19
gigabytes. Both the DEMs and the hillshades had been clipped to present the island as
north and south halves. Only the north clip was used for this study. Resolution was 2.0 m.
4.3 Quadrangle Maps
U.S. Geologic Survey 7.5' quadrangle maps were used as a reference, including
geographic coordinates, trails, elevations, cultural, and physiographic features (Table 3).
Geographic coordinates for known sites were derived from the quadrangle maps and
down-loaded into a Garmin Vista C GPS receiver to assist in site and feature location in
the field. Quadrangle maps were used for navigation during the surface reconnaissance.
Navigation maps were marked with field notations and transect routes during field
verification.
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1'able 3. Study Area quadrangles.
Q uadrangle

Map Date

McCargoe Cove 1985
Lake Richie
1985
Mott Island
1985

UTM
Zone
16
46“
16

C o nto ur Interval
20 feet
20 feet
20 feet

Sections
19, 23,24, 25, 26, 27, 28, & 33
1,2, 6, 9, 10, 11, 15, 16, 28, & 32
13, 2 2,23,24 , 27, & 28

4.4 Aerial Photographs
Both the 1998 near-infrared and 2005 true color aerial photographs provided
contemporary views of the land surfaces in the study area. These images were used to
compare and contrast to the hillshade models to see if cultural features identified on the
LiDAR images were visible on the traditional reference material. The near-infrared
photographs also provided visual information defining vegetation changes. Near-infrared
photographs were the primary aerial photographs used to assist with navigation during
the surface reconnaissance portion of the field verification.
4.5 Data Pre-Processing
The LiDAR models were uploaded into the Geographic Information System (GIS)
environment using Environmental Systems Research Institute (ESRI) ArcMap 9.1 for
viewing, interpretation, image manipulation, data layering, storage, and publication.
Aerial interpretation based on LiDAR-derived image and aerial photography data to
assess the land surface for cultural features was accomplished using traditional image
interpretation (Lillesand, Kiefer, and Chipman 2004). Because the data are digitally
collected and processed, it lends itself to importation into the GIS environment to be
manipulated in size, lighting angle, visual perspective, and over-iain with other reference
material such as quadrangle maps and shape files. Manipulation of the bare-earth models
in the GIS environment to simulate various artificial lighting angles was employed during
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interpretation to change lighting of the image in an effort to optimize feature
identification by changing azimuth and altitude of illumination. This strategy can
minimize or exaggerate the appearance of features affected by shadows.
Potential archaeological features were located on the bare-earth models and aerial
photographs by examining the images for visual clues that would suggest the presence of
a cultural feature. Elements of image interpretation (Lillesand, Kiefer, and Chipman
2004) used in this study included:
•

Shape, which provided information that suggested alteration of the land
surface by humans. Berms, ditches, roads and trails systems, and pits
frequently provide regular shapes and patterns not normally associated
with natural processes. Surface shapes built-up above or excavated below
the ground surface, and the resulting shadow shape provided visual clues
to the presence of the feature.

•

Patterns, such as those left by methodic pit or trench prospecting produced
distinctive surfaces. A surface pitted with regularly spaced circular
depressions, all of similar diameter and focused on a locally occurring
mineral deposit suggested the presence of a cultural feature.

•

Texture was used to focus on the rate of tonal changes. Texture involved
assessing “smoothness or coarseness” of the image. When assessing a
surface feature for textural changes, the larger scene is viewed, rather than
an individual feature or element.

•

Shadow provided an impression of the features shape in profile. Shadow is
the result of a feature’s shape. And is a primary aid in feature
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identification. It should also be pointed out, that shadows can obscure a
feature, hiding them from view.
Site identification was accomplished using Phase I reconnaissance survey
methods currently practiced in cultural resource management in accordance with
Archeology and Historic Preservation; Secretary o f the Interior Standards and
Guidelines (48 FR 44716-44742, September 29, 1983) (Lucas and Smith 2007).
Identification of potential cultural sites was based on comparisons between the hilishade
generated from the LiDAR data and aerial photographs. Feature location coordinate
points were plotted for use during the pre-field evaluation of this study. Archival sources
provided by the National Park Service included Technical report: 1987-1988 Isle Royale
archaeological project (Martin, Martin, and Gregory 1994) and Archaeological Survey
and Testing Isle Royale National Park 1987-1990 Seatons (Clark 1995). These reports
were used to identify previously recorded sites. Surface plan maps of the known sites
included in the site reports were used to compare with the hare-earth models in an effort
to identify known features based on spatial organization of within the site boundaries;
based on feature shape, orientation, and other characteristics unique to the site.
4.6 Field Verification
The objective of a Phase I type cultural resource survey was to identify the
cultural resources situated in, or adjacent to, the proposed study areas (Dunham 2004).
The process of archaeological site detection in the field was accomplished through the
use of pedestrian (surface) reconnaissance techniques (/. e. field verification). The field
portion of the project was designed to be completed between 22 May and 2 June 2007.
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A survey team consisting of two people traveled to and surveyed each study area
on toot. The research team established a set of transects at 15 m (98.5 ft) intervals across
each study area. Transect lines ran parallel to each other, and were spaced 15m (98.5 ft)
apart. The number of transect lines at each study area was dependant on the land-form.
•»

The team surveyed a maximum of 128 acres a day. Where the land surface permitted, 30
m (98.5 ft) around the site boundary were investigated to determine if any undetected
feature components were located adjacent to the known site.
This portion of the research was conducted in the spring to assure optimal views
of the ground surface. The team used USGS 7.5' quadrangle maps, LiDAR-derived
images of the study area layered with USGS 7.5' quadrangle maps, and aerial
photographs to navigate to site areas. LiDAR images were used to identify the target
features within the bounds of the study areas. At previously recorded sites, maps taken
from the Technical report: 1987-1988 Isle Royale archaeological project (Martin,
Martin, and Gregory 1994) and Archaeological survey and testing at Isle Royale National
Park, 1987-1990 seasons (Clark 1995) were used to compare the location of features and
assess site boundaries. Site locations were recorded using a hand-held GPS unit
coordinates set to NAD 1927, which corresponded to the USGS 7.5' quadrangle map
1985 series covering the study locales. Survey areas were plotted on USGS 7.5'
quadrangle maps.
4.7 Study Area and Site Classifications
National Park Service Heritage Manager, Elizabeth Valencia, selected the three
study areas in the park to be investigated prior to pre-field evaluations of the LiDARderived images. Two types of sites were investigated: previously recorded sites and
47

locales that were assessed to have a high probability of containing cultural features. For
the previously recorded sites, aerial photographs, Isle Royale archaeological survey
reports and maps were used to confirm the locations of the sites, site boundaries, and
identify individual feature(s) in comparison to the LiDAR-derived images. Possible
features in areas identified as having a high probability, but not a previously recorded
site, were determined during pre-field evaluations. Field verifications were conducted at
each of the selected study areas. Three study areas on Isle Royal were selected for
investigation (Fig. 12). Each study area contains the types of sites listed above.

Starvation Point

Sskiwit M ine
Stanley Ridge

■a Ranson Mine
Minong Mine Complex-North Ridge t j

Minong Mine Complex-South Ridge

Kjlolme^rs

Figure 12. Location of Isle Royale Study Areas.
The study areas included Minong Mine Complex: South and North Ridge locales
at McCargoe Cove, the Siskiwh and Ransom Mines, and Starvation Point adjacent to
u8

Rock Harbor, and several locales adjacent to Moskey Basin (Table 4). All study areas
were accessible via the island trail system and/or by boat.
Table 4. Study Area classification and site types.
S T U D Y AREA
S TU D Y S ITE NAME
O ne
Minong M ine Com plex
Two
Moskey Basin
Three
Rock Harbor Trail

4.8

SITE C LASSIFIC ATIO N
Previously recorded & high probability
High Probability
Previously recorded & high probability

Investigation Locales, Features, and Field Descriptions

All geographic (spatial) coordinates were determined and recorded with a hand
held GPS unit, and all measurements originated from that point. Known sites were
monitored in the field, their artifact assemblages noted, and their surficial boundaries
confirmed. Potential sits, those displaying evidence of human activity not previously
recorded, were determined, site area mapped, and and brief artifact inventory recorded.
Those investigated areas that reveal no evidence of human occupation or impact were not
recorded and were recorded on the maps as a negative finding. No shovel tests or test
excavations were conducted.
4.9 Feature Identification
Thirty-five features were selected for investigation. Each study area had a varying
number of features (features is the nomenclature used in this report to differentiate
between an archaeological site or study area, and the item of interest within the two)
identified during the pre-field interpretation of the LiDAR images. Each feature identified
as possessing a positive cultural context was assigned an “F” plus digit number
designation for identification purposes. “F” signified “Feature”. The digits ran
consecutively and were assigned in the order that the features were investigated. These
negative features were not assigned a number. In the results section each negative feature
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located in a study locale was discussed as Negative Feature One, Two, or Three. Pre
recorded sites have been identified with in the report by the inclusion of their
Smithsonian numbers.
4.10

Field Reports and Documentation

Copies of the LiDAR data, aerial photographs, composite images created by
layering of LiDAR data and topographic maps, and quadrangle maps were carried into
the field. No geodetic coordinates will be disclosed herein to protect the integrity of the
cultural sites. A field notebook was used to record each day’s survey results and
observations by both team members. Notes included: date, study area surveyed, distance
traveled, weather conditions, dominant vegetation, feature descriptions, spatial
coordinates, and any other observations deemed relevant to the survey. Surface plan maps
were created at sites found to contain cultural manifestations. Study areas without
cultural components were briefly described. Map scale and complexity were determined
by the size of study area. If artifacts were present, a brief inventory including photos (as
needed) was recorded. No artifacts were collected. Soil colors were described with
Munsell Soil Color Charts (2000).
4.11 Field Equipment
Navigation and spatial data collection were accomplished using a Garmin Vista
Etrex C GPS receiver. Geographic coordinates for site locations were preloaded into the
receiver to assist in navigating to known sites. The GPS device was used to collect daily
tracks. Study area coordinates were marked using waypoints. A record of the way-point
and geographic coordinates was recorded in the daily field notes. Target coordinates were
determined from USGS 7.5' quadrangle maps. The GPS receiver datum was set to North
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American Datum 1927 to agree with the map datum. In addition to the GPS receiver,
each survey team member carried a compass that was used for to checking bearings along
transect lines and to assist in navigation from one study locale to another.
A Canon Elph SD600 digital camera was used to collect photographs at the study
areas investigated during the surface survey. A record of each image was crossreferenced between the field notes and the photographic log.
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CHAPTER V
RESULTS AND DISCUSSION
5.1 Study Areas
Field verification of LiDAR interpretations was completed on Isle Royale
between 23 May 2007 and 1 June 2007. Three study areas were selected for investigation.
These study areas were named Minong Mine Complex, Moskey Basin Area, and Rock
Harbor Trail Area (Fig. 13).The study areas were divided into seven investigation locales
(Fig. 13; Table 5).

Starvation Point

Siskiwit Mine

Stanley Ridge

larbop^

Ransom Mine

Minong Mine Complex-North Ridge
Minong Mine Complex-South Ridge

mm
Figure 13. LiDAR Image of the Three Study Areas.
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Table 5. Study Area One: Investigation locales.
Feature Locale Name

Investigative Area Location

M inong M ine-South Ridqe W est Side M cCargoe Cove
Minong M ine-North Ridge
W est Side M cCargoe Cove
Stanley Ridge
East Side M cCargoe Cove
Site type: 1=historic, 2=pre- historic

Type

Feature Num ber Site Type

Recorded F1-F8
Potential F10-F15
Potential T 9

1

Kr
i

5.2 Study Area One: Minong Mine Complex
Study Area One is located on McCargoe Cove on the north side of the island
extends inland approximately 4 km (2.5 mi), bearing southwest from the shore of Lake
Superior. This site is clearly visible on the LiDAR image (Fig. 14). The Minong Mine
Complex is a recorded historic archaeological site. The study area contains recorded pre
historic components, and exhibits the potential for the probability of undetected sites. The
study area is divided into three investigation locales: Minong Mine Complex-South
Ridge, Minong Mine-North Ridge, and Stanley Ridge.
5.2.1 Minong Mine-South Ridge
Minong Mine (20IR24) is located in the McCargoe Cove Quadrangle, in Sections
26 and 27. The mine is located 1.3 km (0.8 mi) south-west of the McCargoe Cove
Campground (Fig. 14; Table 6). This locale was surveyed on 23 May 2007.
Minong Mine Complex is located adjacent to the Minong Ridge trail, on the south
slope of the Minong Ridge. Minong Mine Complex, a previously recorded site, contains
pre- and post-European contact mining features (Rakestraw 1965; Martin, Martin, and
Gregory 1994; Clark 1995; Gale and Gale 1999; Parratt and Welker 1999). There are
numerous pre-historic prospecting pits in association with historic era prospects. The
cultural features at the site include: pits (pre-historic and historic), spoil- rock piles,
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historic mine workings, several structures, and roads. The Minong Trail bisects the mine
area.

Figure 14. LiDAR image of the Minong Mine-South Ridge.
The soils in this study area are Inceptisols that were well-drained sandy silts over
thin, gravelly till in the upland areas. The average soil Munsell color was 10YR 3/2-3.
Lowland areas exhibited Histosols in poorly drained areas with either clay-based subsoil
or bedrock underlying the soils. The Munsell color for these soils was generally
10YR2/1-2. The rock color, matched to the Munsell Soil Charts, ranges from 7.5 YR
2.5/2 to 5/3 to 6/6, with the 7.5 YR 5/3 the most predominate. There are many mineral
varieties visible in the rocks; a higher percentage appeared to have a high ferric content.
Fdevations of the features were between 219.5 and 237.5 m (720 and 780 ft) above sea
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level according to USGS 7.5' quadrangle maps. The land surface is ridge and valley, with
some bedrock exposures.
Table 6. Study Area One: Minong Mine-South Ridge feature attributes.

Feature Num ber

Previously
Identified

UDAR
Feature
Interpretation

F1

yes

Depression in
slope face,
linear
depression,
linear m ound

F2

yes

O ne circular
depression

F3

yes

F4

yes

F5

F5-A

F6

O ne circular
depression
O ne circular
depression

Field Verification
& Interpretation

Ability to Accuarately
ID on LiDAR Yes=1
No=2

M ine pit, trench
into slope, and
spoil rock pile
m ound

1

1 circular pit and 1
trench prospecting
feature

1

prospecting pit

1

prospecting pit

1

yes

Linear
East mine; m ultiple
depressions in
1
pits and 3 lobed
slope face, 3
spoil rock piles
lobular m ounds

yes

O ne conic
m ound with a
depression in
the top

O ne spoil rock
mound, no
depression in top

yes

G rouping of
5/6
depressions
m id-slope, low
sm ooth mound
group

M iddle Mine
Group: large, deep,
and extensive m ine
1
pits long, low,
broad, fia t spoil
rock pile m ounds

circular
depression, 2
linear mound
F7
yes
perpandicular
to depression
O ne circular
yes
F8
depression
T O TA L P O SITIVE ID E N TIFIC A TIO N
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1

No depression
located on the
ground, two spoil
rock m ounds

1

M ine pit w ith spoil
rock mound

1
8 of 8

f orest vegetation was moderate to heavy, mixed needle-feat'and deciduous trees.
Weather was warm with clear skies and good visibility.
1he investigation area contained eight features. FI thru F8: and was investigated
from east to west, with the exception of f 8. which was located east ol'F7. but
investigated last (Appendix A) The mine appeared on the FiDAR image as a complex
grouping of linear depressions and lobular mounds. The surv ey strategy div ided the
mining area into three groups to facilitate the investigation. Along the mid-Minong Ridge
was a linear grouping of depressions. The divisions were determined by breaks in the line
of depressions. These divisions were identified as the east, central, and west regions.
Each depression group included an associated mound structure (Fig. 15). Those mounds

I
Figure 15: Spoil-rock piles at Minong Mine Complex-South Ridge (Gallagher 2007).
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on the east and west of the study area exhibited a lobular shape, the eentral area was more
homogeneous, and appeared smoother on the image. F5A was within meters of the east
boundary of the mine complex and was included in the F5 investigation as a related
feature. Field verification revealed the LiDAR image closely resembled the mine.
5.2.2 Minong Mine-North Ridge

Minong Mine Complex-North Ridge is located on the west shore of McCargoe
Cove approximately 0.7 km (0.31 mi) from McCargoe Cove Campground (Fig. 16). This
locale was surveyed on 25 May 2007.

Figure 16. LiDAR image of the Minong Mine Complex-North Ridge.
The land surface is ridge and valley formation with bedrock exposures. The soils
in the study locale were Inceptisols that were well-drained sandy silts over thin, gravelly
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till in the upland areas. I he Munsell soil color was generally 10YR 3/2-3. The rock
colors matched to the Munsell Soil Charts ranges from 7.5 YR 2.5/2 to 5/3 to 6/6. with
the 7.5 YR 5/3 the most predominate. There are many mineral varieties visible in the
rocks; a higher percentage appeared to have a high ferric content.
Forest vegetation was moderate to heavy, mixed needle-leaf and deciduous trees.
1he ground vegetation was heavy. Weather was warm with clear skies and good
visibility.
Minong Mine-North Ridge investigation locale contained a cluster of six distinct
circular depressions; F10-F15 (Fig. 17) (Appendix A). Identified during pre-field

Figure 17. FI3 timber-lined pit (Gallagher 2007).

evaluations; no reference to these six historic era mining pits was made in either
Technical report: 1987-1988 Isle Royale archaeological project (Martin, Martin, and
Gregory 1994) or Archaeological survey and testing at Isle Royale National Park 19871990 seasons (Clark 1995). Therefore, these features were investigated as if they were
high probability unrecorded sites.
All six features were located on a flat shoulder of the landform below the crest of
the Minong Ridge (Table 7). Elevation of the shelf the features were located on is
between 219.5 and 220.5 m (720 and 740 ft) above sea level according to USGS 7.5'
quadrangle maps.
Table 7. Study Area One: Minong Mine-North Ridge feature attributes..

Feature Num ber

Previously
ID'd

LiDAR
Feature
Interpretation

F10

no

2 circular
depressions

F11

no

1 circular
depression

F12

no

1 circular
depression

F13

no

1 circular
depression

Ability to Accurately
ID on LiDAR Yes=1

Field Verification
& Interpretation
2 rectangular
prospecting pits
3 rectangular
trench-like
depressions, 1
mound
2 square
depressions, 1
mound
1 rock-walled,
tim ber-line m ine
pit, 1 trench

1 circular
depression with 2 m ine pits, 1
F14
no
linear
trench, m ounds
depression
1 circular
no
1 m ine pit
F15
depression
TO T A L POSSTVE ID ENTIFICATIO N

No=2
1

1

1

1

1

1
6 of 6

The features followed a line bearing south-west to north-east. The features were
investigated from west to east. All features were described from the rock face that drops
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from the crest of the Minong Ridge; northward across the flat landsurface that formed the
shoulder (shelf) to the edge of the land form. F 10 is adjacent to a break in the ridge
allowing easy access from the trail, ~ 200.0 m (656 ft) north of FI and F2. All appeared
to have been relatively equal in size and shape on the LiDAR image. Additionally,
several small depressions were noted on the LiDAR image between F10 and FI 1, but
were not selected for investigation. They were located on the ground, and used as
secondary spatial references. These features appeared to be smaller prospecting pits
similar to those described by Holmes (1901) as pre-historic type pits. Photographic
documentation of these features was completed. The features were heavily surrounded by
trees which blocked clear views of the entire feature; therefore the photographic results
varied in image quality.
5.2.3 Stanley Ridge
Stanley Ridge is located in McCargoe Cove Quadrangle, Section 24, on the east
shore of the McCargoe Cove approximately 0.8 km (1.0 mi) north-east of McCargoe
Cove Campground (Fig. 18). This locale was surveyed on 24 May 2007. None of the
potential features at this locale had been previously recorded.
The soils in the study locale were Inceptisols that were well-drained sandy silts
over thin, gravelly till in the upland areas. The Munsell soil color was generally 10YR
3/2-3. The predominant soil color was 10YR 3/2-3. Lowland areas exhibited Histosols in
poorly drained area with either clay-based subsoil or bedrock underlying the soils. The
Munsell color most common for these soils was 10YR 2/1-2. The rock color, matched to
the Munsell Soil Charts, ranged from 7.SYR 2.5/2 to 5/3 to 6/6, with the 7.5YR 5/3 the
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most predominate. There are many mineral varieties visible in the rocks; a higher
percentage appeared to have a high ferric content.

Figure 18. LiDAR image of the Stanley Ridge.
Vegetation was heavy; mixed needle-leaf and deciduous forest. Weather was
overcast with falling temperatures and impending rain.
Based on visual assessment, Stanley Ridge follows the same copper bearing rock
formation that the Minong Mine Complex is located on. The ridge is bisected by
McCargoe Cove. Stanley Ridge was selected for investigation based on geographic
location, the probable mineral content of the rock formations, and the close proximity of
the previous mining operations at the Minong Mine Complex. Based on these
characteristics, as well as several features detected during pre-field evaluations, it was
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determined that this locale demonstrated a high potential for containing cultural sites (e.g.
prospecting pits) (Table 8).
Table 8. Study Area One: Stanley Ridge feature attributes.
Ability to Accuarateiy
ID on Lidar Yes=1
No=2

Previously
ID'd

LIDAR
Feature
Interpretation

Neg 1

no

Set o f parallel
linear m ounds

Did not locate ori
the ground, surface 2
disturbance

F9

no

1 circular
depression

1 prospecting pit, 1
1
prospecting trench

Neg 2/3

no

2 circular
depressions

Did not locate on
the ground, surface 2
disturbance

Feature Num ber

Field Verification
& Interpretation

T O T A L PO SITIVE ID EN TIFIC A TIO N

1 of 3

Three previously unrecorded features were targeted for investigation on Stanley
Ridge (Appendix A). The first feature in this investigation area was located at 0.8 km (1.0
mi) north-east of the McCargoe Cove campground. Elevation of the study area was
approximately 189.0 m (620’ ft) above sea level according to USGS 7.5' quadrangle
maps. The remaining two features were located on the south slope of Stanley Ridge,
approximately 1.8 km (3.4 mi) north-east of McCargoe Cove Campground. Elevation of
the shelf these features are located on is between 219.45 and 225.55 m (720 and 740 ft)
above sea level, according to USGS 7.5' quadrangle maps. The depressions in this
investigation locale were positioned at approximately the same elevation and on the same
rock formation as is the Minong Mine Complex.
5.2.4 Summary
The Minong Mine Complex (North and South Ridges) was clearly visible on the
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LiDAR image during pre-field evaluations. All features identified for investigation were
successfully located and identified using the LiDAR image. The LiDAR-derived image
accurately represents the mine area.
During pre-field evaluations of the LiDAR image of Stanley Ridge, three features
were targeted for investigation. The feature selected for investigation on the shore of
McCargoe Cove (Negative Feature One) could not be located on the ground because of
poor surface visibility resulting from environmental disturbances and heavy vegetation.
The remaining features examined were three circular depressions located in-land from
McCargoe Cove. Of the three, only one (F9) was identified and recorded as a positive
cultural feature. The two features adjacent to F9 (Negative Feature Two and Three)
could not be located on the ground because of environmental disturbances. Because of
poor surface visibility and soil disruption, it was impossible to make a determination that
the selected features were anthropogenic or natural occurrences.
5.3 Study Area Two: Moskey Basin
Study Area Two was located at Moskey Basin. This study area was located at the
terminus of Rock Harbor, in the Lake Richie Quadrangle, Sections 5 and 32 (Fig. 19).
This locale was surveyed on 28 May 2007.
Three features were selected as potential sites based on LiDAR interpretations.
Each of the three features exhibited shapes and/or patterns that suggested they could be
anthropogenic origin (Appendix B).
The land form in this study locale was generally flat and low, with some lowrelief ridges. Overall this land surface was a lower, less-well-drained area than the other
two study areas. The soils in the study area were Inceptisols that were well-drained sandy
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sills over gravelly till in the upland areas. The Munsell Soil Color was generally 10YR
3/2-3. Lowland areas exhibited Histosols in poorly drained area with either clay-based

Figure 19. LiDAR image ofStudy Area Two.
subsoil or bedrock underlying the soils. The Munsell color mostly commonly described
for these soils was 10YR2/1-2. The rock color ranged from 7.5 YR 2.5/2 to 5/3 to 6/6.
with the 7.5 YR 5/3 the most predominate. There are many mineral varieties visible in the
rocks; a higher percentage appeared to have a high ferrous content.
I lie vegetation in this study locale could be characterized as predominantly
spruce hr and low-land shrubs, with mixed open grassy clearings in the low-land areas.
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and mixed hardwood forest on the slopes. The weather was temperate with clear skies,
low humidity, and good visibility.
The Moskey Basin study locale contained two feature groups that had been
interpreted as high probability features during the pre-field evaluations. Two possible
features were identified adjacent to the Rock Harbor Trail; approximately 0.3 km (0.19
mi) north from the intersection of the Lake Richie and Rock Harbor Trail; the third set of
features was selected, 0.40 km (0.25 mi) west of the same trail intersection (Table 9).
Table 9. Study Area Two: feature attributes.

Feature Num ber

Neg 1

Neg 2

Neg 3

Previously
ID'd

LiDAR
Feature
Interpretation

no

1 circular
mound on
slope face

no

Pock-marked
(Surface
sim ilar to that
observed at
F8)

no

1 mound, 1
notch-like
depression in
slope face

TO TA L PO SITIVE IDENTIFICATIO N

Field Verification
& interpretation

Ability to Accurately
ID on LiDAR Yes=1
No=2

No feature located
on the ground, land
surface does not
2
match LiDAR
image
No feature located
on the ground, land
2
surface does not
match LiDAR
image
No feature located
on the ground, land
surface does not
2
match LiDAR
image
O of 3

All probable features were either not located on the ground or were determined to
be naturally occurring features. All three features were investigated and were recorded as
negative features. No feature numbers were assigned.
5.3.1 Negative Feature One
Negative Feature One was located east of the junction of the Lake Richie and
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Rock Harbor Trails approximately 0.40 km (0.25 mi) north-west from Moskey Basin
Campground. The potential feature appeared on the LiDAR images as a depression
located on the north slope of the landform along the side of Rock Harbor trail.
5.3.2 Negative Feature Two
Negative Feature Two was located on the top of the landform above Negative
Feature One east of the junction of the Lake Richie and Rock Harbor Trail approximately
0.40 km (0.25 mi) north-west of the Moskey Basin Campground. The potential features
appeared as several distinct circular depressions on the landform surface.
5.3.3 Negative Feature Three
Negative Feature Three was located approximately 1.20 km (0.75 mi) to the
north-west of the Negati ve Feature One and Two, along an un-named stream. On the
LiDAR image the potential features appeared as two depressions on the south-facing
edge of the landform. One feature was a circular depression; the remaining potential
feature was a notch-like depression in the south-facing slope of the hill.
5.3.4 Summary
Study Area Two contained three potential features that had been pre-selected for
investigation during the pre-field evaluations of the LiDAR image. The features were
investigated during ground-truth verification. The features were not located on the
ground. No corresponding surfaces could be identified on the ground. It was determined
that the LiDAR image did not resemble the landform accurately. These probable features
were recorded as negative cultural features.
5.4 Study Area Three: Rock Harbor Trail
Study Area Three is located on the inside shoreline of Rock Harbor in the
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Mott Island Quadrangle and includes Sections 22, 13, and 7. This region contains several
known pre- and post-European contact sites (Table 10). The Siskiwit Mine (FI 5F23) was located in Section 22. The Ransom Mine (F24-F27) was located in Section 13.
Starvation Point was located in Section 7 at the eastern most extent of the research area
(Appendix C).
Table 10. Study Area Three: Investigation locales.
Investigative Area Name

Investigative Area Location

Siskiwit Mine
Rock Harbor Trail
Ransom Mine
Rock Harbor Trail
Starvation Point
Rock Harbor Trail
Site type: 1=historic, 2=pre- historic

Type

Feature Number Site Type

Recorded F15-F23
Recorded F24-F27
Potential 0

1. 2
T 2
0

The soils in the study area were Inceptisols that were well-drained sandy silts over
gravelly till in the upland areas. The Munsell soil color was generally 10YR 3/2-3.
Lowland areas exhibited Histosols in poorly drained area with either clay-based subsoil
or bedrock underlying the soils. The Munsell color was 10YR2/1-2. The rock color
ranged from 7.5 YR 2.5/2 to 5/3 to 6/6, with the 7.5 YR 5/3 color predominating. There
are many mineral varieties visible in the rocks; a higher percentage appeared to have a
high ferric content.
The vegetation in this study locale could be characterized as predominantly
spruce fir and low-land shrubs, with mixed open grassy clearings in the low-iand areas,
and mixed hardwood forest on the slopes.
5.4.1 Siskiwit Mine

Siskiwit Mine (20IR410) is located on the coast of Rock Harbor located 3.7 km
(2.3 mi) east-north east of Daisy Farm Campground and Ransom Mine (Fig. 20). This
locale was surveyed on 30 May 2007.
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Figure 20. LiDAR image of Siskiwit Mine.
The topography of the study area was typically ridge and valley. The mine
features followed the rock exposures down-slope from the fissures at the top of the land
form. Elevation of the study area ranged between 219.5 to 225.5 m (720 to 740 ft) above
sea level according to USGS 7.5' quadrangle maps. The study area was covered with
broken clearings of needle leaf, deciduous trees, and grasses. The undergrowth in the tree
cover was heavy, often blocking views of the features and interfering with photographic
efforts.
The weather was cool in the morning. Thick fog blanketed the entire Rock Harbor
area. By mid-morning the fog had burned-off the study locale. The harbor remained in
fog banks throughout the day.
68

The site was investigated along the trail from west to east, then following the
western most line of features upslope. The second line of features is located to the east,
and was investigated from the top of the slope down-ward to the shoreline. The
boundaries of the investigation locale were based on a map taken from Archaeological
survey and testing Isle Royale National Park 1987-1990 seasons (Clark 1995). The
Siskiwit Mine map indicates that the study locale covers an area approximately 225.0 W
a

150.0 D m (738.2 W x 492.0 D ft). The Siskiwit Mine map was used during the survey

to cross-reference and identify the features selected of investigation at this study locale.
The map was found to be accurate; was representative of the site, and was an extremely
useful resource. Because an accurate map had already been created, it was determined
that creation of a new map was not necessary. The features of primary interest to this
investigation were two linear rows of depressions and several small depressions adjacent
to the trail that identified on the LiDAR image and two mounds terminating on the Rock
Harbor shoreline. These linear depressions trended down-slope, on a line bearing from
the north-west to the south-east. The site map was used to identify these features as
remnant structural foundations, mine pits and trenches, and spoil piles. Based
suppositions found in the site reports for this study locale, the two fissures located up
slope from the mine were deemed to have probable pre-historic contexts. It was
determined that these natural land forms should be selected for investigation to assess
whether or not these natural features could be identified using LiDAR-derived images
(Table 11).
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Fable 11. Study Area Three: Siskiwit Mine feature attributes.
Previously
ID’d

LiDAR
Feature
Interpretation

F16

yes

1 small circular
Structural berm
depression

F17

yes

F18

yes

F19

yes

F20

yes

Landform

F21

yes

Landform

F22

yes

Linear
depression

Feature Num ber

1 circular
depression
1 circular
depression
1 circular
depression

yes

1

1 m ine pit

1

Linear group of 3
m ine pits

1

1 deep m ine pit

1

Rock face with
elevation change
Rock face with
elevation change
1 trench following
fissure, term inates
into a line of m ine
pits

2 long, broad
m ounds on
shoreline
T O T A L PO SITIVE ID EN TIFIC A TIO N
F23

A bility to A ccurately
ID on LiDAR Yes=1
No=2

Field Verification
& Interpretation

1
1

1

Spoil rock pile and
1
stam p m ill rock pile
I OF 8

5.4.2 Ransom Mine
Ransom Mine (20IR43) is located on the east bank of Benson Creek on Ransom
Hill, 0.8 km (0.5 mi) north of Daisy Farm Campground and adjacent to Ojibway Trail
approximately 0.25 km (0.16 mi) to the east (Fig. 22). This locale was surveyed on 31
May 2007 (Fig. 22).
Location of this mine was ambiguously marked on the USGS 7.5' quadrangle
maps. The elevation of the mine was between 194.1 to 219.5 m (640 to 720 ft) above sea
level according to USGS 7.5' quadrangle maps.
The topography was moderately slopey, with bed rock exposures. The soils in the
study area were Inceptisols that were well-drained sandy silts over thin, gravelly till in
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the upland areas. I he Mansell soil was generally IOYR 3/2-3. The Munsell color mostly
commonly described for these soils was 10YR2/1-2. The rock color ranged from 7.5 YR
2.5/2 to 5/3 to 6/6, with the 7.5 YR 5/3 the most predominant.

Figure 22. LiDAR image of the Ransom Mine.
The study locale exhibited open clearings. The predominant vegetation was
needle-leaf and deciduous trees mixed with clearings that had ground-cover containing
grasses and low shrubs. The weather was cool, partly cloudy, with good visibility.
Ransom Mine from the highest elevation trended down slope to the south-east.
The topography was steeply sloped ridge with bedrock exposures. Archaeological survey
and testing Isle Royale National Park /9R7-IV)() seasons (Clark 1995) indicated the
presence of shafts, prospecting pits, and spoil-rock piles from both the mines and the
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stamp mill (Table 12; Figure 23).
! able 12. Study Area Three: Ransom Mine feature attributes

Feature Num ber

Previously
ID'd

LiDAR
Feature
Interpretation

Not noted on
LiDAR
N o t noted on
F25
LiDAR
1 circular
F26
yes
depression
Not noted on
F27
yes
LiDAR
TO TA L PO SITIVE IDEN TIFIC ATIO N
F24

yes

Ability to Accurately
ID on LiD A R v
i i O fid

Field Verification
& Interpretation

1 m ining pit

2

Pit/trench
com bination

2

M ine pit

1

Rock face with
elevation change

2
1 of 4

With the exclusion of one extremely faint, small circular depression evident in the
known mine location, there was nothing on the LiDAR image to recommend a mine
complex with multiple features at this location. Had this site not been a previously

Figure 23. F26, water-filled pit (Janulis 2007).
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recorded archaeological site, this locale would not have been selected as part of the study
area because it lacked all but one of the characteristics used to identify a high probability
cultural site.
The upper-most prospecting pit was located east of the foot path leading into the
study locale from the Ojibway Trail leading into the study (Fig. 23). The pit and trench
like feature combination was located between the top pit and the lower pit feature.
Features F24 and F25 were separated from the down-slop features by a narrow deep
ravine (~ 40-50 m) down slope from F25.
5.4.3 Starvation Point
Starvation Point is located 7.25 km (3 mi) north-east of Daisy Farm Campground
located 0.50 km (0.31 mi) north of Rock Harbor (Fig. 24). This locale was surveyed on
30 May 2007 (Appendix C).
Access to study locale was from the Rock Harbor Trail at Starvation Point on the
north side of the foot bridge that crosses an un-named stream. The study locale was
located on the south slope of the ridge. The surface was gently sloped, with exposed,
glacial smoothed bedrock. The soils in the study area were Inceptisols that were welldrained sandy silts over gravelly till in the upland areas. The Munsell soil was generally
10YR 3/2-3. The rock color ranged from 7.5 YR 2.5/2 to 5/3 to 6/6, with the 7.5 YR 5/3
the most predominate. The rock surfaces in this study area were extremely weathered.
Access to study locale was from the Rock Harbor Trail at Starvation Point on the
north side of the foot bridge that crosses an un-named stream. The study locale was
located on the south slope of the ridge. The surface was gently sloped, with exposed,
glacial smoothed bedrock. The soils in the study area were Inceptisols that were well74

drained sand) silts over gravelly till in the upland areas. The Munsell soil was generally
iOYR 3/2-3. The rock color ranged from 7.5 YR 2.5/2 to 5/3 to 6/6, with the 7.5 YR 5/3
the most predominate. The rock surfaces in this study area were extremely weathered.

Meters

Figure 24. LiDAR image of Starvation Point.
Access to study locale was from the Rock Harbor Trail at Starvation Point on the
north side of the foot bridge that crosses an un-named stream. The study locale was
located on the south slope of the ridge. The surface was gently sloped, with exposed,
glacial smoothed bedrock. The soils in the study area were Inceptisols that were welldrained sandy silts over gravelly till in the upland areas. The Munsell soil was generally
10YR 3/2-3. The rock color ranged from 7.5 YR 2.5/2 to 5/3 to 6/6. with the 7.5 YR 5/3
the most predominate.
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There are no previously recorded sites in this study locale. Pre-field evaluations of
the locale identified a diamond-shaped cluster of depressions that was targeted for
investigation. The shape and pattern of the feature was very symmetrical. It was
determined that the configuration of the depression suggested that the feature could have
anthropogenic origins. Field verifications revealed that no cultural features were located
on the ground in this study locale (Table 13).
Table 13. Study Area Three: Starvation Point feature attributes.
]
Feature Num ber

Previously
ID'd

LiDAR
Feature
Interpretation

Ability to Accurately
ID on LiDAR Yes=1
No=2

Field Verification
& Interpretation

Did not locate on
Diam ond
the ground, land
shaped cluster
Neg 1
no
surface did not
of 4
resem ble LiDAR
depressions
im age
T O T A L PO SITIVE ID EN TIFIC A TIO N

2

O of 1

5.4.4 Summary
Investigation of Study Area Three provided wide ranging results. Siskiwit Mine,
like the Minong Mine Complex, was easily identified on the LiDAR image during pre
field evaluations of the study locale. All features selected for investigation were located
and identified. Remarkably, Ransom Mine was not identified easily during the pre-field
evaluation of this study locale. Only one feature was identified on the I.iDAR-derived
images at Ransom Mine. Field verification revealed a more extensive site than would
have been anticipated based on the LiDAR image. Three additional features were
investigated on the ground at the Ransom Mine locale during field verification. Based on
the symmetrical pattern of the depressions, the feature selected at Starvation Point had all
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the desirable characteristics of an anthropogenic feature. Regrettably, no cultural
feature(s) were located on the ground.
5.5 Chapter Summary
This study was segmented into two distinct components. The first component was
the pre-field evaluation of the LiDAR-derived image. The purpose of this segment was to
begin development of an interpretive method specific to LiDAR images. Initially, this
method was patterned after methods used with aerial photographs, such as isolating
visual characteristics that could be used to identify a feature based on shape, pattern,
texture, shadow, and changes in vegetation. Ultimately, LiDAR-derived images were
assessed for shape, shadow, texture, and patterns; characteristics that might suggest the
presence of cultural features. The primary difference between the two methods is that
when the LiDAR-derived image is evaluated, the effort is to identify an individual
cultural feature, whereas aerial photographs are used to look for secondary indications
that a cultural feature might be probable because of the proximity of a clearing,
abandoned road, or trail system within in the vicinity of the study locale.
Feature selection was the final step in the pre-field evaluations of the LiDARderived images. The selection process was based on a single or combination of
characteristics that were suggestive of an anthropogenic feature. Anthropogenic features
displayed unusual configurations such as sets of parallel lines, a cardinal-directionality to
spatial orientations, and symmetry. Experimentation with the LiDAR-derived image and
pre-field evaluation for the detection of cultural features was an important component of
the study.
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The second segment of the study was the fieid verification segment. The purpose
of this segment was to go into the field and visually verify whether the features selected
during pre-field evaluations proved to be anthropogenic or natural. Use of LiDARderived images on the ground provided an opportunity to identify positive and negative
aspects associated with the use of LiDAR as an investigative technique.
Three Study Areas were selected prior to pre-field evaluations. They included the
Minong Mine Complex, Moskey Basin, and Rock Harbor Trail. Within those study areas,
seven study locales were identified: Minong Mine South and North Ridge areas; Stanley
Ridge; Moskey Basin; Siskiwit Mine; Ransom Mine; and Starvation Point. Thirty-five
features were contained within these study locales. These features were selected for
investigation during pre-field evaluations. Of those 35 features; 60% (20) were recorded
sites; and 40% (15) were high probability sites. Field verification revealed that of the
fifteen high probability features (Fig. 25); 53% (eight) were negative features (not

Figure 25. Feature type breakdown
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located on the ground or were not cultural features); the remaining 47% (seven) were
identified as new features.
A breakdown of study locale positive and negative LiDAR feature identification
and accuracy assessment is outlined below (Fig. 26). Minong Mine-South

■ ID on LiDAR

■ Not ID on LiDAR

■Positive ID

■ Negative ID

Figure 26. LiDAR identification and accuracy assessment.
Ridge and Siskiwit Mine (both recorded sites) contained eight features that were
identified during pre-field evaluations. All features were located on the ground. Minong
Mine-North Ridge (a high probability locale) contained six features identified during prefield evaluation. All six features were located on the ground and were found to have
historic era cultural features. Stanley Ridge contained four features selected for
evaluation, one feature was identified as a newf cultural feature, and the remaining three
features were not located on the ground. Moskey Basin contained four features selected
for evaluation; none were located on the ground. Ransom Mine contained one feature
selected for evaluation; four features were identified on the ground. Starvation Point
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contained one feature selected for evaluation; it was not located on the ground. A total of
27 features were recognized on the ground out of 31 recognized on LiDAR.
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CHAPTER VI

DISCUSSION
6.1 Discussion
Clearly, studies conducted in Europe, especially those completed by Bewley and
Devereux (2005), have already demonstrated that site detection using LiDAR is possible.
However, in North America archaeological sites are rarely as prominent as those
investigations conducted at Welshbury Hill and SHWHS. This study demonstrates that
the successful application of LiDAR technology to the detection of archaeological sites
shows a similarity between archaeological sites such as Minong Mine and Welshbury
Hill, both of which were are located in forested environment, and were clearly identified
on LiDAR-derived images. The Minong Mine Complex-North Ridge and Bewley’s work
at Stonehenge World Heritage Site also displayed similarities. Both are large enough to
be detected on the LiDAR, both had smaller more ephemeral features which, though
visible on LiDAR, were undetectable using traditional aerial survey methods. Similarities
can be observed between the study made from the LiDAR images of Ransom Mine and
those studies completed in the Witham Valley, Lincolnshire, by Crutchley (2006). The
Witham Valley investigation of four locales illustrated that LiDAR evaluations provided
the same variability in effectiveness as occurred Isle Royale. This was exemplified
through observations of cultural features like the remnant structural features at Seney
Place, Southrey, where the features were clearly visible in the LiDAR image. Whereas
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LiDAR image interpretations of the Barings Abby barrow cemetery features, like the
Ransom Mine site on Isle Royale, were not detectable on the LiDAR-derived image.
Finally, this study found that supporting resources such as topographic maps,
archival documents, and field verification are needed in conjunction to LiDAR data, a
point stressed by both Crutchley (2006) and Harmon et al. (2006).
Sites in the United States are frequently small single feature sites similar the
smaller prospecting pits in this study such as F2 and F3. These features were found to be
as small as 4.0 Dia x 1.5 D m (13.1 Dia x 3.3 D ft). The size of cultural sites in North
America has been one of the primary reasons remote sensing has not been used
extensively in the past. Satellites, such as Landsat Thematic Mapper, provide image
resolutions that are too coarse to detect smaller cultural sites (Renfrew and Bahn 2000).
The primary objective of this study was to prove that LiDAR technology could be
used to identify cultural features in a forested environment. Additionally, three ancillary
benefits have been derived from this study that provides practical value for the use of
LiDAR-based survey for the detection of cultural features in a forest environment. The
use of LiDAR was found to contribute to survey efficiency and hence, cost-effectiveness
of survey, and increased awareness of field safety was demonstrated during the fieldwork
on Isle Royale.
The first of these benefits was the determination that LiDAR could be used to
detect the presence of high probability cultural features before the implementation of a
ground survey. Identification during pre-field evaluations allowed the survey team to
concentrate on locales that were more likely to contain cultural features, thereby
increasing the potential success rate of the effort. The second benefit was the use of
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LiDAR images in the development of a more informed survey strategy that more
accurately defined the spatial limits of a pedestrian survey and increased efficiency.
Features were pre-selected providing pre-determined assessments for the amount of area
coverage required during field verification. The study commenced with pre-planned to
and from routes to defined study locales, predicted numbers of transect lines, and study
locale boundaries. Logistical considerations allowed for a more accurate assessment of
days needed to complete the study. The third benefit was that the use of LiDAR provided
a perception of increased safety; the survey team was more cautious in areas where
suspected depressions were determined to present.
Investigations at Minong Mine-North Ridge and Siskiwit Mine can be used to
exemplify these points. Minong-Mine-North Ridge had been allotted one ten-hour day,
and Siskiwit Mine had been allotted eight hours for investigation. Time allotments for
each study area were based on the amount of time that would have required to survey a
similar area had traditional survey methods been used. Each study locale was completed
in less than five hours. Using current CR M rates* (Hambacher 2007) the use of time and
costs of survey between the two is compared in the table below (Table 14).
Table 14. Time efficiency and projected cost saving between traditional survey methods
and LiDAR-based survey.

Study Locale
M inong MineNorth Ridge
S iskiw it M ine

Estim ated
Survey
Tim e

Actual
Survey
Tim e

10

4.5 hours

8

4.0 hours

Total
Hours
Saved
5.5
4 . 0

h o u r s

h o u r s

Estimated
Survey
Cost
$700.00
$560.00

Actual
Survey
Cost
$315.00
$280.00

Total Survey
Savings

$ 3 8 5 . 0 0
$ 2 8 0 . 0 0

* CRM rates are $35.00 per crew hour. Two crew were used in this survey (Hambacher
2007).
Clearly, survey conducted using a LIDAR-based design reflects a significant
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difference in time used. These examples serve to demonstrate that the survey team
exhibited greater time efficiency than they would have, had they been using traditional
survey methods. Equally important is the clear economic impact of LiDAR-based survey
strategies. In this case, survey had been completed in half the anticipated time. This time
savings can be quantified into a dollar value. Based on the dollar value in Table 15, for
two study locales, estimated saving was $665. Economic economy can be considered a
significant benefit implementing LiDAR evaluations into a survey strategy.
The final benefit addressed is that of increased safety. The survey team was aware
that deep depressions were indicated on the LiDAR image at both syudy locales. Because
of this knowledge, the study locales were approached with a heightened sense of caution.
Additionally, Janulis (2007) observed by increasing the amount of time on a designated
trail, we reduced the amount of distance traveled in the more dangerous off-trail areas.
This applies to archeological survey in general: any time spent off-trail leaves one more
exposed to hazards that are less likely to be encountered on a trail. Specific examples
include hummocks and depressions caused by tree falls, dense, possibly thorny
vegetation, or any disturbed environment. Anything that reduces the amount of cross
country' walkover will thus reduce the potential for injury. Based on these observations,
LiDAR-based survey does provide an element of increased safety on the ground.
On Isle Royale, three primary feature types were identified that were associated to
both pre- and post-European contact mining eras. The most common were depressions,
which appear on the LiDAR image as a circular or linear shape. Anthropogenic features
that were found to be depressions that included prospecting pits and trenches, but natural
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features, such as shallow valleys and fissures could also appear as depressions. The
second type of feature identified was mounds. The appearance of a mound on a LiDAR
image was similar to that of a hill on traditional aerial photography. The illumination
angle for the Isle Royale data-set was oriented from the north. Thereby, north-facing
slope faces were illuminated and south-facing slope faces were in shadow. Mounds
comprised of spoil-rock piles looked like low, long, flat hills, and were usually found in
combination with prospecting pits (depressions); the combination of the two increased
the probability that the object of interest was an anthropogenic feature. Linear features
that were not mounds appeared as a sinuous line. These lines were commonly trails that
were incised deeply enough into the land surface to appear on the LiDAR image. Rivers
and streams bore a similarity in appearance to the trails on the image; therefore it was
important to have a familiarity of the trail systems and natural features to assist in
discriminating one from the other. Frequently, multiple pits or combinations of pits,
mounds, and linear features formed patterns that were used to assist in the identification
of a potential cultural site. Texture of the land surface also helped to identify possible
cultural disturbances; many prospecting pits in one area caused the land surface to have a
pock-marked appearance.
The Minong Mine Complex-South Slope provided a learning experience for the
survey team. This area of the Minong Mine was targeted as the first study locale because
it is the largest mine on Isle Royale. Because of the size it was easily recognizable on the
LiDAR image. Additionally, a historic era map was available and used to confirm the
identity of the features. The mine area had been documented by past surveys. This
documentation provided additional background for the study of this locale.
85

Eight features were selected for investigation at the Minong Mine ComplexSouth R Clearly, survey conducted using a LIDAR-based design reflects a significant
Ridge. All features are in close proximity to the trail; allowing for easy access. The mine
features exhibited all the feature characteristics that were anticipated to be encountered
throughout the all the study areas. These characteristics included: depressions that ranged
in size from small (less than 1.0 D m [3.3 D ft}) to extremely large (greater than 1.6 km
[1.0 mi]); a variety of shapes (geometric, linear, and organic); mounded geologic material
such as spoil rock piles and roads; and structural features (collapsed buildings).
Further observations made at the Minong Mine Complex-North Ridge locale
allowed for additional insights into the benefits of survey conducted using LiDARderived images. Flad the study team employed standard survey techniques, with equally
spaced transects based on aerial photographs, it would have been highly probable that
features would have been over-looked in the heavy vegetation; or that we might have
stumbled into a pit by accident. Since we were specifically looking for features with
known geographic coordinates, we were targeting our survey efforts in a very systematic
manner, rather than randomly searching across the entire landform. Additionally,
LiDAR-based survey provided extremely accurate spatial data, allowing for the
determination of the distance separating features.
Another point that bears discussion relates to the three features investigated on
Stanley Ridge. These features were recorded as negative features. Two locales on the
ridge were investigated. The first locale was situated on the shore of Stanley Ridge, on
the east shore of McCargoe Cove; the second on the south slope of Stanley Ridge west of
F9. All of these features were not located during field verification. In each case, the land
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surface was obscured by heavy deadfall and the soils had been disrupted by root turns. In
these cases, it was not possible to determine that the features were natural occurrences or
if they were surfaces misrepresented by tb : LiDAR image.
Lastly, based on the investigations conducted at the Minong Mine Complex and
subsequent locales, these investigations revealed several positive and negative aspects of
survey in the natural environment based on detection strategies derived during the pre
field interpretation of the LiDAR images. Based on my observations, the positive aspects
of LiDAR-based investigations were as follows:
1. LiDAR-based image evaluation can effectively be used for feature selection
during pre-field evaluations.
2. Feature identification based on LiDAR-derived images can be effectively and
efficiently performed on the ground.
3. LiDAR image evaluation yielded an opportunity to judge the accuracy of
representational shape between the bare-earth model and the feature(s) on the
ground.
4. Shape and shadow; characteristics observed on LiDAR images, provided a
good indication of size and depth of a feature.
5. Patterns and texture observed on the LiDAR image can be indicative of a
cultural feature.
6. LiDAR evaluations permitted the calculation of spatial distances between and
the compass bearing to adjacent features.
7. Combining LiDAR data with other resources in the GIS environment provided
valuable navigation and investigation tools for field verification.
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The following negative aspects of LiDAR-based investigations were:
1. The filtering processes of LiDAR data smoothed the contours of the land
surface, rendering navigation and location of a feature based on landscape
attributes difficult.
2. LiDAR did not always portray elevation well, especially steep, vertical
changes.
3. LiDAR did not always reveal cultural features.
4. LiDAR images combined several features into one shape.
5. LiDAR did not work well to identify retaining walls or fissure mines in rock
faces.
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CHAPTER VII
CONCLUSIONS
7.1 Conclusions
Primarily, this study sought to answer a very basic question. Can pre-field
evaluation of a study area using images derived from LiDAR data detect the presence
(positive, high probability) or absence (negative, low probability) of cultural resources
within a forested environment? Clearly, the research presented has demonstrated that
LiDAR-based image interpretations were used successfully for the detection of cultural
features in a forested environment.. Additionally, this study has provided positive insights
into three ancillary questions demonstrating that development of a research design based
on LiDAR-based evaluations did have quantifiable benefits that aided in survey
efficiency, decrease amount of time surveying; thereby increasing cost-effectiveness, and
increased survey safety.
Feature identification based on LiDAR-derived images was an important element
of this study. Because this type of detection is a relatively new technique, it was
necessary to experiment with the images. The key findings from this study are as follows:
•

Larger features were more readily identified than were smaller features.

•

The shape and configuration of larger features or cluster of features was
more accurately represented on the LIDAR image than were smaller
features.
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«

Depressions were easier to detect than mounds.

•

The deeper the depression, the darker it appeared on the image.

•

Mounds were difficult to differentiate from hills; it was observed that
spoil-rock piles generally had a steeper toe slopes, whereas hills were
more symmetrically shaped.

•

Paths, though very small, could sometimes be detected on the image if
they were incised deeply enough into the land surface, but stream beds had
a similar appearance. As a result, caution and background knowledge of
the surrounding landscape was critical for feature identification.

•

Dense clusters of features universally appeared on the LiDAR images as a
single feature or a linear feature.

•

LiDAR image interpretation assisted greatly in being able to assess
distances between and the bearing to adjacent features.

•

Appearance of a feature, (e.g. pattern regularity, parallel lines, orientation)
could help differentiate between man-made patterns and natural patterns.

•

Of the features investigated in this study; 1.5 m (3.3 ft) depressions are the
minimum detectable depth.

Further development of detection techniques using LiDAR-derived images is
required. More experience using LiDAR-derived interpretation methods is essential to
take advantage of the full potential of this new resource. This study has provided a
testing-ground in North America for the application of LiDAR technology as a remote
sensing technique in the detection of cultural resources in a forested environment similar
to that conducted in England by Devereux (2005).
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7.2 Suggested Future Studies
This study has provided positive results using this new and innovative technology.
Additionally, this study has demonstrated that this technique that can provide a more
effective and efficient method to conduct future surveys in remote and forested areas.
Subsequent future studies on Isle Royale could include a more definitive survey
of the Stanley Ridge locale where this study identified a new site. As Clark (1995)
pointed out, the ancient beach ridges such as the Nipissing Beaches of Isle Royale have
been poorly investigated for archaic sites in the past. LiD.AR images could be used to
identify these ancient beach ridges to assist in the selection of high probability locations
as part of the strategy in planning future survey efforts, especially on the south-western
end of the island. LiDAR-based survey should prove to be an effective tool to assist in
the identification of the cultural features in this region. Another study using the Isle
Royale data set could be directed at the development as an assessment of minimum size
of feature identification that can be accomplished using LiDAR-derived images. This
type of study could explore alternate detection methods by increasing the use of
illumination techniques.
Other regions of the United States that could benefit from studies using LiDAR
technology to detect cultural resources include the lower Great Lakes region to
investigate remnant Hopwell mounds in Ohio and Mississippian mounds in Illinois and
Missouri that may have been impacted by agriculture and land development during
modem times. Another geographical region that would provide an interesting landscape
to investigate would be the desert southwest of the United States. The cultural sites of the
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Anasazi, Hohokum, and Mogollon could provide features to study such as irrigation and
road systems, as well as identify possible settlement sites.
A final interesting application for the LiDAR based pre-field evaluations could
be performed in a tropical forest such as can be found in American and Western Samoa.
LiDAR-derived images could possibly “see” past the tropical forest canopy and used to
detect fale foundations and tia ‘ave or tia seu lupe (star mounds) structures associated
with the pre-historic period of Samoan culture.
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Appendix A
Study Area One Minong Mine-South Ridge, Minong Mine-North Ridge, and Stanley
Ridge: Pre-field Evaluation and Ground Truth Verification Comparisons
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Minong Mine Complex-South Ridge Study Locale: Features FI through F8
FI

LiDAR Description: Pre-field evaluation of the LiDAR image detected a depression and
associated mound structure that was bisected by a thin sinuous linear depression (Fig
27).

Figure 27. FI open pit mine.
Field Description: The feature was readily identified on the ground. The feature bore a
remarkable resemblance to the LiDAR image. The depression was a deep open pit mine.
The size of the pit was estimated to be -6.0 m (19.0 ft) deep; the linear depression
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leading towards the trail was identified as a -25.0 m (82.0 ft) treneh cut into the slope.
1 he thin, linear feature noted on the LiDAR image was identified as the Minong Trail.
The trail bisected the feature at approximately the mid-point. On the south side of the trail
was a mound with an associated small lobe-shaped mound on the west side of the
primary mound. The main mound trended down slope to the south-east and was estimated
to measure -35.0 m (115.0 ft) long and -5.0 m (16.4 ft) wide. FI was identified as a
historic era mine (Fig. 28).

Figure 28. FI spoil rock mound (Gallagher 2007).
F2
LiDAR Description: Pre-field evaluation of the LiDAR image detected two circular
depressions orientated on an east-west line. The more visible of the two depressions
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appeared as a circular shape; the second depression appeared as a faint rectangular
shaped depression to the east of the circular depression (Fig. 29).
Field Description: The feature was in close proximity, and could be sighted from the
trail. The circular feature was a prospecting pit with back dirt piles around the edge of the
pit. The depression measured -8.0 Dia. x ~1.5 D m (26.3 Dia. x 4.9 D ft). To the east was
a -4.0 m (13.1 ft) was a trench-like depression. This depression measured -10.0 L x 5.0
W x 1.0 Dm (32.0 Lx 16.4 W x 3.2 D ft).

Figure 29. F2 trench depression (Gallagher 2007).
F3
LiDAR Description: Pre-field evaluation of the LiDAR image detected a small circular
depression.
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Field Description: This feature was -8.0 m (26.3 ft) south of the trail and was visible
from the trail. The feature was a prospecting pit -4.0 Dia. x ~1.5 D m (13.1 Dia. x 4.9 D
ft). There was a back dirt pile on the south edge of the pit (Fig. 30).

Figure 30. F3 small prospecting pit (Gallagher 2007).
F4
LiDAR Description: Pre-field evaluation of the LiDAR image detected a small circular
depression.
Field Description: This feature was located -2.0 m (6.6 ft) south of F3. It was not visible
from the trail. This feature was located in close proximity to the coordinates collected
during the pre-field evaluation, however on the ground spatial coordinates conflicted with
GPS coordinates. No other pits located were in close proximity. With the absence of
other depressions, it was concluded that this depression was the targeted feature. The
depression was a small circular prospecting pit; -1.5 m Dia x -0.25 D m (4.9 Dia. x .82
D ft). There was a 1-gallon sanitary can on the south-east edge of the pit. The artifact
provided evidence to suggest the depression was a historic era prospect.
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F5

LiDAR Description: Pre-field evaluation of the LiDAR image detected a large, “V”shaped depression and associated mound group. The linear depressions appeared to be
located on the mid-slope of the Minong Ridge. The tri-lobed mound was located at the
base of the Minong Ridge. The mound appeared to be segment into three lobes, and
trended to the south-east. The up-slope portion of the mound near the depression had a
flatter appearance with smaller lobes.
Field Description: This feature was easily identified by the distinctive shape on the
ground. The “V”-shaped depression was identified as a large, deep open pit mine.
Estimated size of the pit was -30.0 L x -20.0 D m (98.5 L x 65.6 D ft). The mine pit was
not visible from the trail. The mid-section of the mound structure was less sloped than the
lower section. The lower mound slope was tri-lobed. Estimated size for each of the three
lobes at the base of the slope was - 30.0 L x 20.0 W m (98.5 L x 65.6 W ft). The mounds
were comprised of spoil-rock. Forest re-growth on the slopes was heavy, and was
moderate on the spoil pile slopes (Fig. 31).

Figure 31. F5 Minong Mine-South Ridge
eastern boundary spoil-rock (Gallagher 2007).
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F5-A
LiDAR Description: Pre-field evaluation of the LiDAR image detected a small, conic
mound with a bowl-shaped depression in the center.
Field Description: The feature was a circular-shaped mound comprised of spoil-rock.
There was not a bowl-shaped depression at the top of the mound, as was indicated on the
LiDAR image. The fine, sinuous linear depression on the south edge of the mound was
the Minong Trail.
F6
LiDAR Description: Pre-field evaluation of the LiDAR image detected a linear grouping
of five or six depressions in the mid-slope area of the Minong Ridge; a mound structure
down slope from the depressions appeared as broad gently sloped smooth surface that
terminated abruptly at the base. The west edge of the mound appeared to have a higher
terminal end than the center and eastern edge of the mound group. In the low-land area,
perpendicular to the main mound groups were three linear mounds. The two mounds on
the western margin of the feature were larger and broader than the third mound.
Field Description: These features were easily identified on the ground; the appearance of
the features was well represented on the LiDAR image. The up-slope depressions were
identified as open pit mines. The entire depression area was too large to form a visual
estimation of size. The mounds at the base of the mine pits were comprised of spoil-rock.
The mounds were broad and gently sloped. The Minong Trail bisected the center of the
study locale, as noted on the LiDAR image. The terminal ends of the spoil piles were
more lobular than the LiDAR image suggested. The mounds terminated in steep slopes
that dropped into the adjacent lowland. The linear features in the lowland that ran parallel
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to the mounds were identified as a road (the fainter, eastern-most) and the two larger,
western-most mounds were identified as spoil rock piles. A collapsed log structure
measuring -8.0 m x 10.0 m x 0.50 m was located on the west boundary of the central
mine area. Regrettably, this structure was not identified on the LiDAR image. Artifacts of
the mining era were scatted throughout the central area of the study locale and were
clearly visible along the trail. Visibility in the study locale was poor. Forest re-growth on
the slopes was heavy and was moderate on the spoil pile slopes.
F7
LiDAR Description: Pre-field evaluation of the LiDAR image detected a single
depression located on the western boundary of the mine complex. In close proximity to
the depression was a linear mound trending to the south-west. A smaller, linear mound
was detected on the west side of the main mound at the terminal end.
Field Description: The survey team was unable to locate the depression on the ground.
Visibility in the study locale was poor. Forest re-growth on the slope was heavy and was
light on the spoil-rock piles. Mounds at the base of the slope appeared exactly as detected
on the LiDAR image. Both were found to be low mounds comprised of spoil-rock. The
largest mound was - 30.0 L x -2.5 W m (98.5 L x 8.2 H ft). The second smaller mound
was -15.0 L x <2.5 H m (49.2 L x 8.2 H ft).
F8
LiDAR Description: Pre-field evaluation of the LiDAR image detected a circular
depression. This feature was located east of F7. The land surface up-slope of this feature
appeared distinctively dimpled, or pock-marked on the LiDAR image.
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Field Description: This feature was identified as a depression cut high up in the exposed
rock tace of the slope with a mound of spoil rock at the base of the rock face. A fault-like
break in the landform connected F7 and F8. This gap appeared to have been used as a
trail and connected to the spoil-rock mounds at F7. The land surface above and around
F8 was pock-marked with very small prospecting pits, which would account for the
dimpled appearance of the landsurface on the LiDAR image (Fig. 32).

Figure 32. F8 rock face and spoil rock pile (Gallagher 2007).
Stanley Ridge: Negative Features One, Two, and Three, and F-9
Negative Feature One
LiDAR Description: Pre-field evaluation of the LiDAR image detected a symmetrical set
of linear, parallel mounds that were oriented on an east-west line.
Field Description: This feature was located in close proximity to the shoreline, and was
close to an artifact scatter consisting of 19 century' broken bottles (mold blown, verydark brown; nearly opaque) on the shoreline. These bottles had been exposed by drought
conditions. The proximity of this artifact scatter to the study locale increased expectations
that a historic era site is located in this area. The investigation of the area revealed that
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study area was densely forested and was significantly disturbed by blow-down. The
toppled trees were mostly mature. Ground visibility was poor; the ground surface was
nearly completely covered by dead-fall. There was a high probability that the linear
mound features identified on the LiDAR were tree trunks stacked one upon the other.
Because the feature was not located on the ground, the feature was recorded as a negative
feature (Fig. 33).

Figure 33. Stanley Ridge-Negative Feature One
poor surface visibility (Gallagher 2007).
.Negative Feature Two
LiDAR Description: Pre-field evaluation of the LiDAR image detected a circular
depression.
Field Description: The depression was not located on the ground. Investigation of the
study area revealed that this region of the Stanley Ridge was densely forested. The ridge
had experienced a blow-down event. The toppled trees were mostly mature. Surface
visibility was poor because of the heavy cover of woody debris. The soil exhibited
significant disturbance from root turns. The feature was recorded as a negative.
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Negative Feature Three
LiDAR Description: Fre-field evaluation of the LiDAR image detected a circular
depression.
Field Description: The depression was not located on the ground. Investigation of the
area revealed that study area wfas densely forested. The ridge had experienced a blowdown event. The toppled trees were mostly mature. Surface visibility was poor because
of the heavy cover of woody debris. The toppled trees were mostly mature. The soil
exhibited significant disturbance from root turns. The feature was recorded as a negative.
F9
LiDAR Description: Pre-field evaluation of the LiDAR image detected a circular
depression (Fig. 34).

Figure 34. F9 water filled pit (Gallagher 2007).
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Field Description: This study locale was a small, shallow water-filled, trough-like valley;
the land surface had greater relief than was interpreted on the LiDAR image. The
depression feature was located at the terminus of the valley trough. The depression was
identified as a shallow, trench-like excavation on the landsurface above the trough. The
trench was ~3.0 L x 2.5 W x 0.50 D m (9.8 L x 8.2 W x 1.65 D ft). The long edges of the
de pression had small back dirt piles. Dropping ~ 4.0 m (13.1 ft) into the trough valley
from the trench into the trough basin was a related circular water-filled depression that
was estimated to measure ~2.5 m (8.2 ft) diameter. The depression was edged with back
dirt piles around the perimeter. The appearance of this mound and depression was similar
to the prospecting pits investigated at the Minong Mine Complex. Without any
supporting artifacts, it was impossible to identify a pre-historic or historic context. This
feature was the only new cultural feature detected using LiDAR in this study locale.
Minong Mine-North Ridge Study Locale: F10 through F-15
F10
LiDAR Description: Pre-field evaluation of the LiDAR image detected two tightly
clustered circular depressions (Fig. 35).
Field Description: Land surface was very flat. The depressions were identified as two
prospecting pits. The pit closest to the rock face was roughly rectangular and measured
~3.0 L x 1.5 W x 1.0 D m (9.8 L x 4.9 W x 3.3 D ft); with 1.0 H m (3.3 H ft) back dirt
piles along the edges. A small flat area separates the two pits. The northern-most pit was
circular-shaped measuring ~ 3.0 Dia x 1.0 D m (9.8 Dia x 3.3 D ft). The pits were water
filled. The land surface north of the pits, closest to the edge of the land form, was
covered with pebble-sized, angular rock debris. Visibility in the study locale was poor.
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Dense forest re-growth eovered the land surface with vegetation, mostly stands of young
balsam, spruce, aspen and cedar along with heavy under-growth. A battered cobble of
indeterminate rock is found in the north-west comer of the first pit. Positioned between
F10 and FI 1 were two smaller depressions. These depressions were detectable on the
LiDAR image. These depressions were not been selected for investigation. The
depressions were used as a land-mark and assisted in navigating to the next features.

Figure 35. F10 depression (Gallagher 2007).
FI 1
LiDAR Description: Pre-field evaluation of the LiDAR image detected a circular
depression.
Field Description: Aided by the LiDAR image of the study locale, the spatial data
collected during pre-field evaluations, and the features previously identified on the land
surface; the feature was located exactly where survey team expected. The feature was
identified as a linear grouping of two trench-like depressions and one mound. The
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LiDAR image had indicated only two depressions. These pits were identified as
prospecting pits and related mounds consisting of spoil-rock. The first trench was a
water-filled trench; -12.0 L x 5.0 W x 3.0 D m (39. 3 L x 16.4 W x 9.85 D ft). This
depression was located close to the ridge rock face. The associated back dirt on the long
edges of the trench measured -1.0 to 1.5 H m (3.3 to 4.9 H ft). A - 7.0 W m (22.9 W ft)
area of ground separated the pits. The second pit was estimated to be -10.0 L x 3.0 W x
1.0 D m (32.8 L x 9.8 W x 3.3 D ft). Back dirt piles were 0.5 H m (1.65 H ft).
Approximately 3.0 m (9.8 ft) of ground surface separates the second and third pits. The
third pit was estimated to measure -12.0 Lx 5.0 W x 3.0 D m (39.9 W x 16.4 W x 9.8 D
ft) and terminated at the edge of the landform. A gallon-sized sanitary can similar to that
found in the main mine area was noted at this feature. It was determined that the final
working of this prospect is a historic era event. Dense forest re-growth covered the land
surface with stands of young balsam, spruce, aspen and cedar along with heavy under
growth.
F12
LiDAR Description: Pre-field evaluation of the LiDAR image detected a circular
depression, somewhat smaller than the surrounding depressions.
Field Description: This feature was identified as a linear grouping of two square
depressions and one mound, rather than a single depression as was represented in the
LiDAR image. The pits were located near the ridge rock face. They measured - 2.0 L x
2.0 W x 2.0 D m (6.6 L x 6.6 W x 6.6 D ft), and 2.0 W x 2.0 W x l . ODm (6.6 L x 6.6 D
x 3-3 D ft) respectively. The back dirt pile was 2m L and D m (6.6 L and D ft), and ran
laterally in a continuous line along the west and east edges of the depressions. A - 16.0
107

L x 4.0 W (52.5 L x 13.1 D ft) linear mound trended to the north-west and terminated at
the edge of the land form. There were narrow gauge rails on the land surface separating
the depression and the mound group. Dense forest re-growth covered the land surface
with vegetation, mostly stands of young balsam, spruce, aspen and cedar along with
heavy under-growth (Fig. 36).

Figure 36. F I2 rectangular pit (Gallagher 2007).
F13
LiDAR Description: Pre-field evaluation of the LiDAR image detected circular
depression and a small trench-like depression.

Figure 37. F I3 associated rock face (Gallagher 2007).
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Field Description: This feature consisted of a deep, timber-lined mine pit associated with
narrow gauge rail and remains of a mining cart. The pit was rock walled, and was
estimated to measure 5.0 L x 3.0 W x 4.0 D m (16.4 L x 9.8 D x 13.1 W ft). The water
filled pit at the bottom was estimated to be -3.0 L x 2.0 W m (9.8 L x 6.6 W ft). A trench
trending to the north from the pit and the edge of the landform is -15.0 L x 4.0 W x 2.5 D
m ( 49.5 L x 13.1 W x 8.2 D ft), and the spoil-rock mound was 7.0 L x 3.0 W m (22.0 L x
9.8 D ft). To the north west of this mine shaft was the ridge rock face. At the base of the
rock face was a natural feature similar to a shallow rock shelter. The rock appeared to
have been burned. Fracturing of the rock had created a concave indent in the rock wall.
The roof appeared to be blacked, and the appearance is similar to what was expected
from carbonization from fire. There was no spoil-rock on the floor of the concave
structure. This feature exhibited both historic (the mine shaft) and pre-historic
components (the rock shelter). This observation was consistent with documentary
evidence that suggested historic mine prospects were place on pre-historic prospects (Fig
37).
F14
LiDAR Description: Pre-field evaluation of the LiDAR image detected a circular
depression with a small trench-like depression on the south side (Fig. 38).
Field Description: This feature was a two-pit and trench combination. A small pit was a
- 2.0 L x 1.5 W x 0.25 D m (6.6 L x 4.9 W x .82 D ft) depression was closest to the rock
face. This small pit was not visible on the LiDAR image. The main pit was -2.5 L x 2.5
W x 2.0 D m (8.2 L x 8.2 D x 6.6 W ft) square with a 15.0 L x 10.0 D m (49.3 L x 32.8 D
ft) trench trended to the north, down slope to the landform edge. This group of
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depressions was visible on the LiDAR image. Back dirt piles parallel both pit and trench,
and were approximately 2.0 H m (6.6 H ft). The pits and trench were separated a narrow
band of ground, ~ 2.0 H m (6.6 H ft). Surface visibility in the survey locale was poor; the
feature was obscured by heavy stands of balsam fir along with shrubby under-growth.

Figure 38. F14 mine trench with heavy vegetation
(Gallagher 2007).
F15
LiDAR Description: Pre-field evaluation of the LiDAR image detected a circular
depression.
Field Description: The feature was a single large, deep depression; and was located much
further away from the rock face than the other features in this study area. The ridge shelf
widened at this point on the land surface. The pit was located nearer to the land form
edge on the north side of the shelf. The feature was a large circular pit. The pit was
estimated to be 4.0 Dia x 5.0 D m (13.1 Dia x 15.4 D ft). The walls are rock and the floor
was covered by angular broken rock. On the south wall at the juncture of the wall and the
pit floor was a natural appearing water-filled fissure. On the lip of the pit was a boulder
with a hole drilled through it. The bore hole appeared to have been man-made.
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Appendix B
Study Area Two-Moskey Basin: Pre-field Evaluation and Ground Truth Verification
Comparisons
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Study Area Two Moskey Basin Study Locale-Negative Features One, Two and Three

Negative Feature One
LiDAR Description: Pre-field evaluation of the LiDAR image detected a very distinct
circular mound on the north slope of the land form on the south side of the trail.
Field Description: The feature was not located on the ground. The area was double
surveyed, once from ground level on an out-bound and in-bound transect, and from the
top of the landform in an effort to ensure that the feature had not been over-looked.
Visibility was poor; the slope is heavily vegetated with a mature forest. This feature was
recorded as a negative cultural feature.
Negative Feature Two
LiDAR Description: Pre-field evaluation of the LiDAR image detected a land surface that
exhibited a similar pock-marked texture pattern as described at F8.
Field Description: The feature was not located on the ground. The landform surface was
mostly bare, glacially scoured rock. The shallow depressions detected on the LiDAR
image were identified as natural depressions in the rock surface. Vegetation was
predominately low grasses and shrubs. This potential site revealed the absence of a
cultural context, and was recorded as a negative finding (Fig.39).
Negative Feature Three
LiDAR Description: Pre-field evaluation of the LiDAR image detected a small, isolated
mound and a low ridge with a notch-like depression in the south face of the slope.
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Field Description: The feature was not located on the ground. The study area was
verified with spatial coordinates that were collected during pre-field evaluations, and
field verified with GPS coordinates. The land form did not resemble the LiDAR image or
the topographic map. The study team surveyed the south end of the notched ridge in six
transects; one set on the base of the ridge; one set across the mid-slope; and the final set
on the top slope on the out-bound trip in an effort to ensure the features had not been
overlooked. The feature was recorded as a negative cultural feature.

Figure 39. Moskey Basin-Negative Feature
Two (Gallagher 2007).
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Appendix C
Study Area Three Siskiwit Mine, Starvation Point, and Ransom Mine: Pre-field
Evaluation and Ground Truth Verification Comparisons
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Siskiwit Mine Study Locale-F16 through F23

F16
LiDAR Description: Pre-field evaluation of the LiDAR image detected a very light,
circular depression.
Field Description: The feature was identified as a structural berm located on the north
side of the Rock Harbor Trail. It measured ~ 8.0 L x 6.0 W x 0.25 D m (26.3 L x 19.7 W
x .82 D ft).
F17
LiDAR Description: Pre-field evaluation of the LiDAR image detected a circular
depression.
Field Description: This feature was identified as a water-filled mine pit at the harbor-end
of the western-most line of depressions noted on the LiDAR image. Visibility was poor
Because of heavy forest re-growth.
F18
LiDAR Description: Pre-field evaluation of the LiDAR image detected a circular
depression.
Field Description: The feature was identified as a linear grouping of three pits waterfilled pits. These pits appeared on the LiDAR as a single circular depression. Visibility
was poor due to heavy forest re-growth.
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F 19

LiDAR Description: Pre-field evaluation of the LiDAR image detected a circular
depression.
Field Description: This feature was identified as a deep, snow and ice-filled pit. It was
the upper-most pit on the western-most line of pits and was the deepest pit at this site.
Surface visibility was poor due to heavy forest regrowth and heavy undergrowth.
F20
LiDAR Description: Pre-field evaluation of the LiDAR image detected this feature in the
study locale as a part of the natural land form.
Field Description: The feature was identified as natural land form. The survey team
believed this to be the fissure the discussed in Archaeological survey and testing at Isle
Royale National Park 1987-1990 seasons (Clark 1995) which identified it as a possible
pre-historic mining feature (Fig. 40).

Figure 40. F20 fissure in rock face at Siskiwit
Mine (Gallagher 2007).
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F21

LiDAR Description: Pre-field evaluation of the LiDAR image detected this feature in the
study locale as a part of the natural land form.
Field Description: The feature was located and identified as another natural rock fissure.
The location was east of the first line of depressions, and up-slope from the eastern-most
line of depressions investigated at this study locale. This fissure also resembles the fissure
described in Archaeological survey and testing at Isle Royale National Park 1987-1990
seasons (Clark 1995).
F22
LiDAR Description: Pre-field evaluation of the LiD AR image detected an extremely
long, linear depression.
Field Description: The feature was identified as a -90.0 L m (295.3 L ft) trench-like
depression running down-slope from F22. A discontinuation of this trench-like feature
occurred for over -39.0 m (128.0 ft). The feature terminated at a group of three water
filled pits. Surface visibility was poor because of heavy forest regrowth and heavy
undergrowth (Fig.41).

Figure 41. F22 Water-filled pit at Siskiwit Mine (Gallagher 2007)
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F23

LiDAR Description: Pre-field evaluation of the LiDAR image detected two mounds
terminating on the Rock Harbor shore line.
Field Description: The feature was identified as a spoil rock pile and the stamp rock pile
from the Siskiwit Mine. These linear mounds are adjacent to Mott Island (Fig. 42).

Figure 42. F23 stamp and spoil-rock pile at
Siskiwit Mine (Gallagher 2007)
Ransom Mine Study Locale-F24 through F27
F24
LiDAR Description: Pre-field evaluation of the LiDAR image detected a circular
depression.
Field Description: The upper-most feature at this locale was a water-filled, rock-lined pit
measuring ~2.5 Dia m (8.2 ft). There was a back dirt pile along the south-western edge of
the pit.
F25
LiDAR Description: Pre-field evaluation of the LiDAR image detected a circular
depression feature and associated trench depression.
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Field Description: The features were identified as a pit and trench-like depression with a
spoil-rock pile to the west side. The trench is estimated to have measured ~ 5.0 L x 1.5 W
16.4 L x 4.9 W ft).
F26
LiDAR Description: Pre-field evaluation of the LiDAR image detected a circular
depression.
Field Description: The feature was identified as a water-filled, rock lined pit. The pit was
a rectangular-shaped pit oriented with the short axis pointing down slope. A spoil pile
was located on the west side of the pit. The pit measured 3.0 Dia (9.8 Dia ft). Adjacent to
this pit to the east was a natural fissure in the bedrock exposure that is ~ 1.0 D m (.82 D
ft) (Fig. 43).

Figure 43. F26 mine pit at Ransom Mine
(Gallagher 2007).
F27
LiDAR Description: Pre-field evaluation of the LiDAR image detected a change in the
slope of the surface.

119

Field Description: The feature was determined to be a natural exposure in the bedrock
formed a rock face. At the base of the rock expose was a shallow concave indentation
with an angular, broken rock pile. The upper interior of the indentation was blackened; as
if by carbonization. This feature was remarkably similar to the feature noted on the north
side of the Minong Ridge at FI 3 (Fig 44).

Figure 44. F27 rock exposure at Ransom Mine
(Gallagher 2007).
Starvation Point Study Locale
Negative Feature One
LiDAR Description: Pre-field evaluation of the LiDAR image detected a distinct,
diamond-shaped cluster of depressions on the south slope. The symmetry of the
depression-group was suggestive of a anthropogenic feature.
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Field Description: The feature was not identified on the ground. The survey team
investigated an area on the ridge greater than 0.50 W km x 0.25 D (1.50 W x .75 D mi.)
Spatial coordinates collected during pre-field evaluation, and verified with field GPS
coordinates were used to verify the study locale location. Transect lines radiated outward
from those coordinate points. In an effort to ensure that the feature had not been
overlooked, the lower slope was covered in two transect lines on the in-bound transect,
the upper slope was covered in two transect lines on the out-bound transect. No surface
depressions matching those images selected on the LiDAR image were identified. This
study area was recorded as a negative finding, based on the absence of cultural features
(Fig 45).

Figure 45. Starvation Point study locale
(Gallagher 2007).
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Isle Royale National Park Research Permit
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Study#: ISRO-0OG38
Permit#: ISRO-2Q07-SCHG0G1
Start Date: Jan 01, 2007
Expiration Date: Dec 31, 2007
Coop Agreement#: n/a
Optional Park Code: n/a

Name of principal investigator:
Name: Julie Gallagher Phone:701-777-4246 Email: julie.gallagher@und.nodak.edu
Name of institution represented:
University of North Dakota
Co-Investigators:
No co-investigators
Project title:
Proposal Title: Application of Remote Sensing LiDAR Technology to the Detection of Cultural Resources in a Forest
Environment
Purpose of study:
Purpose: The objective of this research project is to determine the feasibility of using Light Detecting and Ranging
(LiDAR) to detect the presence or absence of pre and post-European contact archaeological sites in a forest environment.
This investigative method is designed to be non-invasive. The intent is to originate site detection at the desktop as a form
of pre-field assessment to actual field methods. It is meant to increase efficiency of fieldwork. Use of LiDAR in the
United States has the potential to prove itself a valuable tool in cultural site detection.

Problem: Archaeological site detection in the past has relied on pedestrian survey. This type of survey is frequently
conducted under adverse conditions that include: remote locations; heavy vegetation; and disturbed land surfaces. The use
of LiDAR images, especially bare-earth images, to pre-assess a survey area could be used to k seea past the vegetation in
an effort to identify cultural features before heading into the field, provide a method for pre-field planning, which in turn
could decrease land area needing survey, increase efficiency, cut costs, and provide for safer field conditions for survey
teams.
Subject/Discipline:
Archeology
—
Locations authorized:
The intended research area(s) will be specified by Ms. Liz Valencia, Park Service Heritage Manager. Areas which should
be selected will be in locations within the spnice/fir forest, and in areas known to have copper mineral geologic deposits.
Transportation method to research sitefs):
Access will be dependent on the locations selected by Ms. Valencia. If the location is remote, and accessible by boat,
then a boat will be needed. Foot travel will also be used to access the research areas. No terrestrial vehicles are allowed in
the park.

Boat access to sites will need to be arranged in advance with Ms. Valencia. Permittee should contact Ms. Valencia prior
to May 2007 to discuss field transport needs, transport to the island, and island lodging or camping plans.
Collection of the following specimens or materials, quantities, and any limitations on collecting:
No vegetation is authorized to be cut, pulled, or dug up during this project.
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No digging is permitted.

t f permittee d iscovers permanent or tem porary plot or transect markers from another study, they w ill not be disturbed.

Th e permittee w ill fo llo w Leave No Trace principles w h ile in the backcountry.

Name of repository for specimens or sample materials if applicable:
Repository type: Tem porarily captured or handled (m ay include m arking) and then released undam aged in place
O bjects collected:
N o specim ens w ill be collected, only handled so identification and then replaced as found. N o markings w ill be placed on
specim ens, and no field markers wifi be placed at any sites.

Specific conditions or restrictions (also set attached conditions):
N o artifacts are to be rem oved or collected.

Recommended by park staff(name and title):

Reviewed by Collections Manager:

_______________________________________________________ Y e s

Approved by park official:

No

Date Approved:

T itle:
C h ief, Natural Resources D ivision

I Agree To All Conditions And Restrictions O f this Permit As Specified
'o t valid unless signed and dated by the principal investigator)

(Date)
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